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REPORT  of  the  COUNCIL. 


During  the  Session  1900-1901  there  have  been  seven, 
ordinary  meetings  and  three  field  meetings  of  the  Society.  ^ 
The  latter  were  held  at  Hilbre  Island,  Rossett  and  Gresford, 
and  Halkin,  near  Holywell,  respectively.  The  third  field, 
meeting  to  Halkin  was  a joint  meeting  with  the  Liverpool 
Geological  Society. 

The  communications  made  to  the  Society  have  been, 
representative  of  almost  all  branches  of  Biology,  and  the 
exhibition  of  specimens,  both  microscopic  and  macroscopic, 
has  been  a feature  of  the  meetings. 

On  the  invitation  of  Council,  Prof.  D.  J.  Cunningham, 
M.D.,  D.Sc.,  E.R.S.  of  Dublin  University,  lectured  beforei 
the  Society  at  the  March  meeting  on  the  “ Microcephalic 
Idiot,”  and  in  response  to  special  invitations,  sent  mainly' 
to  the  Medical  profession,  a large  and  appreciative 
audience  assembled. 

The  Library  continues  to  make  satisfactory  progress  and 
additional  important  exchanges  are  in  process  of  arrange- 
ment. 

The  Treasurer’s  statement  and  balance  sheet  are 
appended.  i 

No  alterations  have  been  made  in  the  Laws  of  the 
Society  during  the  past  session. 

The  members  at  present  on  the  roll  are  as  follows : — 


Honorary  Members  9 

Ordinary  Members  53 

Student  Members  28 


Total 


90 


SUMMARY  of  PROOEEDINGS  at  the  MEETINGS. 


The  first  meeting  of  the  fifteenth  session  was  held  at 
University  College  on  Friday,  October  12th,  1900. 

The  President-elect  (Prof.  Paterson,  M.D.,  M.R.C.S.,) 
took  the  chair  in  the  Zoology  Theatre. 

1.  The  Report  of  the  Conncil  on  the  Session  1899-1900 

(see  “ Proceedings,’’  Vol.  XIY.,  p.  viii.)  was  sub- 
mitted and  adopted. 

2.  The  Treasurer’s  Balance  Sheet  for  the  session  1899- 

1900  (see  “Proceedings,”  Yol.  XIY.,  p.  xxxv.)  was 
submitted  and  approved. 

3.  The  Librarian’s  Report  (see  “ Proceedings,”  Yol.  XIY. 

p.  xxviii.)  was  submitted  and  approved. 

4.  The  following  Office-bearers  and  Council  for  the  en- 

suing Session  were  elected: — Yice-Presidents, 
Professor  Herdman,  D.Sc.,  E.R.S.,  and  J. 
AYiglesworth,  M.D.,  F.R.C.P. ; Hon.  Treasurer, 
T.  C.  Ryley ; Hon.  Librarian,  James  Johnstone; 
Hon.  Secretary,  Joseph  A.  Clubb,  M.Sc. ; Council, 
H.  C.  Beasley,  H.  0.  Forbes,  LL.l).,  W.  J.  Halls, 
Rev.  L.  de  Beaumont  Klein,  D.Sc.,  W.  S.  Laverock, 
M.A.,  B.Sc.,  Rev.  T.  S.  Lea,  M.A.,  Joseph  Lomas, 
F.G.S.,  John  Newton,  M.R.C.S.,  Alfred  Quayle, 
A.  T.  Smith,  I.  C.  Thompson,  F.L.S.,  and  J M. 
Toll. 

5.  Prof.  Paterson,  M.D.,  M.R.C.S.,  delivered  the  Presi- 

dential Address,  entitled  “Anatomy  and  Evolution,” 
(see  “ Transactions,”  p.  3).  A vote  of  thanks  was 
proposed  by  Dr.  de  Beaumont  Klein,  seconded  by 
Dr.  Newton,  and  carried  with  acclamation. 


X. 


LTVEHrOOL  TUOLOGTCAL  SOCIETY. 


The  second  meeting  of  the  fifteenth  session  was  held  at  | 
TTniversity  College  on  Friday,  November  9th,  1900.  The 
President  in  the  chair. 

1.  Prof.  Herdman  exhibited  under  microscopes  a series 

of  lingual  ribbons  of  Mollusca. 

2.  Mr.  H.  C.  Pobinson  exhibited  with  remarks  a small 

collection  of  Pirds  and  Mammals  from  Queensland, 
Australia. 

3.  Prof.  Herdman  submitted  the  Fourteenth  Annual 

Peport  on  the  work  of  the  Liverpool  Marine  ^ 
Biology  Committee,  and  the  Port  Erin  Biological  : 
Station  (see  “ Transactions,”  p.  19).  ; 


The  third  meeting  of  the  fifteenth  session  was  held  at 
University  College,  ou  Friday,  December  14th,  1900.  The 
President  in  the  chair.  j, 

1.  Prof.  Herdman  exhibited  a series  of  marine  animals,  (j 

mounted  as  lantern  slides.  ;| 

2.  Dr.  AViglesworth  gave  a note  on  the  spread  of  the  '’ 

Fulmar  [Fulmarus  glacialis),  (see  “Transactions,”,, 

p.  85).  !; 

3.  Mr.  H.  C.  Pobinson  submitted  a paper  on  “ Some  j ; 

problems  in  Zoo-geography,”  and  referred  to  the 
peculiar  distribution  of  certain  animals  and  plantts. 

4.  Mr.  F.  J.  Cole  contributed  a paper  on  the  variations  in 

the  arrangement  of  the  spinal  nerves  of  the  Frog 
(see  “ Transactions,”  p.  114). 


The  fourth  meeting  of  the  fifteenth  session  was  held  at 
University  College,  on  Friday,  January  11th,  1901.  The 
President  in  the  chair. 


SUMMARY  OF  PROCEEDINGS  AT  MEETINGS.  XI. 

1.  Mr.  H.  C.  Beasley  exhibited  an  cl  described  some  fossils 

(JEstheria  minutci)  recently  found  by  Mr.  J.  Lomas 
in  the  Trias  at  Oxton. 

2.  Prof.  Herdman  gave  a lecture  entitled  “ The  Greatest 

Biological  Station  in  the  World,”  being  an  account 
of  a recent  visit  to  the  “ Stazione  Zoologica  at 
Naples.  The  great  importance  of  the  work  car- 
ried on  at  such  Biological  Stations  was  referred  to, 
and  a most  interesting  account  was  given  of  the 
Naples  Station,  its  stab  and  its  work.  The  lecture 
was  illustrated  by  a number  of  lantern  slides,  in- 
cluding pictures  of  the  aquarium  tanks  and  tbeir 
contents. 


The  fifth  meeting  of  the  fifteenth  session  was  held  at 
University  College,  on  Friday,  February  8th,  1901.  The 
Vice-President  (Prof.  Herdman)  in  the  chair. 

1.  Prof.  Herdman  submitted  the  Report  on  the  Inves- 

tigations carried  on  in  1900  in  connection  with  the 
Lancashire  Sea  Fisheries  Laboratory,  University 
College  and  the  Sea-fish  Hatchery  at  Piel,  near 
Barrow,”  (see  “ Traiisactions,”  p.  126). 

2.  Prof.  Herdman  gave  a note  on  a ‘‘  Fisheries  Problem,” 

(see  “ Transactions,”  p.  141). 

3.  Mr.  J.  Johnstone  contributed  a paper  on  a Sporo- 

zoon  parasite  of  the  Plaice,”  (see  “ Transactions, 
p.  184). 

4.  The  L.M.B.C.  Memoir  on  Lernea  and  Lepeophtheirus, 

by  Mr.  Andrew  Scott,  was  laid  on  the  table  (see 
“ Transactions,”  p.  188). 
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The  sixth  meeting  of  the  fifteenth  session  was  held  at 
University  College  on  Thursday,  March  28th,  1901.  The 
President  in  the  chair. 

1.  Prof.  D.  J.  Cunningham,  M.D.,  D.Sc.,  F.R.S.  of  Dublin 
University  gave  an  interesting  lecture  entitled 
“ The  Microcephalic  Idiot.”  The  lecturer  dealt 
with  the  problems  connected  with  the  growth  and 
structure  of  the  skull  and  brain,  the  changes  which 
occur  in  the  various  parts  of  the  cerebral  hemis- 
pheres, and  the  relation  of  these  changes  to  the 
theory  of  atavism.  The  lecture  was  illustrated  by 
a number  of  lantern  photographs. 


The  seventh  meeting  of  the  fifteenth  session  was  held 
at  University  College  on  Friday,  May  10th,  1901.  The 
President  in  the  chair. 

1.  Paper  by  Mr.  A.  Scott  on  some  additions  to  the  Fauna 

of  Liverpool  Bay  (isee  “ Transactions,”  p.  341).  | 

2.  Paper  on  the  Neck  Glands  in  Marsupials,  by  Mr.  J.j 

Johnstone,  B.Sc.  (see  Transactions,”  p.  354).  } 

3.  The  methods  and  results  of  the  German  Plankton  Ex- 1 

hibition,  by  Dr.  J.  T.  Jenkins  (see  ‘‘  Transactions,”] 
p.  279).  I 

4.  Report  on  the  Aculeate-Hymenoptera  of  Lancashire) 

and  Cheshire,  byMr.  Willoughby  Gardner,  F.R.G.S.,  > 
(see  ^‘Transactions,”  p.  363).  , 

5.  Notes  on  [a)  suprasternal  ossifications,  (h)  the  presence 

of  eight  cervical  vertebrse  in  the  human  skeleton,  by 
Prof.  Paterson,  M.D.  i 


SUMMARY  OF  PROCEEDINGS  AT  MEETINGS.  xiii. 

The  eighth,  ninth,  and  tenth  meetings  of  the  Society  were 
Field  Meetings  and  were  held  at  Hilhre  Island,  Rossett  and 
iGresford,  and  Halkin,  near  Holywell,  respectively.  The 
last  named  was  held  jointly  with  the  Liverpool  Geological 
ISociety.  At  Rossett  and  Gresford  a short  business  meet- 
ing was  held  after  tea.  The  President  from  the  chair 
proposed  the  name  of  Mr.  H.  C.  Beasley  as  President  for 
the  coming  session.  Mr.  I.  C.  Thompson  seconded  and 
Prof.  Herdman  supported  the  motion,  which  was  carried 
iinanimoiisly . Mr.  Beasley  briefly  responded. 


LAAVS  of  the  LIVJ^^RPOOL  BIOLOGICAL 


SOCIETY. 


I.  — The  name  of  the  Society  shall  be  the  ‘‘  Liverpool 
Biological  Society,”  and  its  object  the  advancement  of 
Biological  Science, 

II.  — The  Ordinary  Meetings  of  the  Society  shall  be  held 
at  University  College,  at  vSeven  o’clock,  during  the  six 
AA^inter  months,  on  the  second  Friday  evening  in  every 
month,  or  at  such  other  place  or  time  as  the  Council  may 
appoint. 

III.  — The  business  of  the  Society  shall  be  conducted  by 
a President,  two  Vice-Presidents,  a Treasurer,  a Secretary, 
a Librarian,  and  twelve  other  Alembers,  who  shall  form  a 
Council ; four  to  constitute  a quorum. 

IV.  — The  President,  A^ice-Presidents,  Treasurer,  Secre- 
tary, Librarian  and  Council  shall  be  elected  annually,  by 
ballot,  in  the  manner  hereinafter  mentioned. 

V.  — The  President  shall  be  elected  by  the  Council 
(subject  to  the  approval  of  the  Society)  at  the  last  Meeting 
of  the  Session,  and  take  office  at  the  ensuing  Annual 
Meeting. 

VI.  — The  mode  of  election  of  the  Vice-Presidents, 
Treasurer,  Secretary,  Librarian,  and  Council  shall  be  in 
the  form  and  manner  following : — It  shall  be  the  duty  of 
the  retiring  Council  at  their  final  meeting  to  suggest  the 
names  of  Alembers  to  fill  the  offices  of  Vice-Presidents, 
Treasurer,  Secretary,  Librarian,  and  of  four  Members  who 
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were  not  on  the  last  Council  to  be  on  the  Council  for  the 
ensuing  session,  and  formally  to  submit  to  the  Society,  for 
election  at  the  Annual  Meeting,  the  names  so  suggested^ 
.The  Secretary  shall  make  out  and  send  to  each  Member  o 
the  Society,  with  the  circular  convening  the  Annual  Meet- 
ing, a printed  list  of  the  retiring  Council,  stating  the  date 
of  the  election  of  each  Member,  and  the  number  of  his 
attendances  at  the  Council  Meetings  during  the  past 
.session  ; and  another  containing  the  names  of  the  Members 
isiiggested  for  election,  by  which  lists,  and  no  others,  the 
lYotes  shall  be  taken.  It  shall,  however,  be  open  to  any 
i Member  to  substitute  any  other  names  in  place  of  those 
! upon  the  lists,  sufficient  space  being  left  for  that  purpose. 

! Should  any  list  when  delivered  to  the  President  contain 
other  than  the  proper  number  of  names,  that  list  and  the 
votes  thereiby  given  shall  be  absolutely  void.  Every  list 
I must  be  handed  in  personally  by  the  Member  at  the  time 
of  voting.  Vacancies  occurring  otherwise  than  by  regular 
annual  retirement  shall  be  filled  by  the  Council. 

VII.— Every  Candidate  for  Membership  shall  be  pro- 
posed by  three  or  more  Members,  one  of  the  proposers 
from  personal  knowledge.  The  nomination  shall  be  read 
! from  the  Chair  at  any  Ordinary  Meeting,  and  the  Candi- 
i date  therein  recommended  shall  be  ballotted  for  at  the 
I succeeding  Ordinary  Meeting.  Ten  black  balls  shall 
I exclude. 

' Ylll  ^^yVlien  a person  kas  been  elected  a Member,  tbe 
• Secretary  shall  inform  him  thereof,  by  letter,  and  shall  at 
the  same  time  forward  him  a copy  of  the  Laws  of  the 
’ Society. 

PX. ^Every  person  so  elected  shall  witbin  one  calendar 

■ month  after  the  date  of  such  election  pay  an  Entrance  Fee 
: of  Half  a Guinea  and  an  Annual  Subscription  of  One 
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Guinea  (except  in  the  case  of  Rtuflent  Members) ; but  the 
Council  shall  have  the  power,  in  exceptional  cases,  of 
extenrling*  the  period  for  such  payment.  No  Entrance  Fee 
shall  be  paid  on  re-election  by  any  Member  who  has  paid 
such  fee. 

X.  — The  Subscription  (except  in  the  case  of  Student 
Members)  shall  be  One  Guinea  per  annum,  payable  in 
advance,  on  the  day  of  the  Annual  Meeting  in  October. 

XI.  — Members  may  compound  for  their  Annual  Sub- 
scription by  a single  payment  of  Ten  Guineas. 

XII.  — There  shall  also  be  a class  of  Student  Members, 
paying  an  Entrance  Fee  of  Two  Shillings  and  Sixpence, 
and  a Subscription  of  Five  Shillings  per  annum. 

XIII.  — All  nominations  of  Student  Members  shall  be 
passed  by  the  Council  previous  to  nomination  at  an  Ordin- 
ary Meeting.  When  elected,  Student  Members  shall  be 
entitled  to  all  privileges  of  Ordinary  Members,  except  that 
they  shall  not  receive  the  publications  of  the  Society,  nor 
vote  at  the  Meetings,  nor  serve  on  the  Council. 

XIY. — Resignation  of  Membership  shall  be  signified  in 
writing  to  the  Secretary,  but  the  Member  so  resigning  shall 
be  liable  for  the  payment  of  his  Annual  Subscription,  and 
all  arrears  up  to  date  of  his  resignation. 

XY. — The  Annual  Meeting  shall  be  held  on  the  second 
Friday  in  October,  or  such  other  convenient  day  in  the 
month,  as  the  Council  may  appoint,  when  a report  of  the 
Council  on  the  affairs  of  the  Society,  and  a Balance  Sheet 
duly  signed  by  the  Auditors  previously  appointed  by  the 
Council,  shall  be  read. 

XYI. — Any  person  (not  resident  within  ten  miles  of 
Liverpool)  eminent  in  Biological  Science,  or  who  may  have 
rendered  valuable  services  to  the  Society,  shall  be  eligible 
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as  an  Honorary  Member  ; but  tbe  number  of  sncb  Members 
shall  not  exceed  fifteen  at  any  one  time. 

XYII. — Captains  of  vessels  and  others  contributing 
objects  of  interest  shall  be  admissible  as  Associates  for  a 
period  of  three  years,  subject  to  re-election  at  the  end  of 
that  time. 

XVIII. — ^Snch  Honorary  Members  and  Associates  shall 
be  nominated  by  the  Council,  elected  by  a majority  at  an 
Ordinary  Meeting,  and  have  the  privilege  of  attending  and 
taking  part  in  the  Meetings  of  the  Society,  but  not  voting. 

XIX.  — Should  there  appear  cause  in  the  opinion  of  the 
Council  for  the  expulsion  from  the  Society  of  any  Member, 
a Special  Greneral  Meeting  of  the  Society  shall  be  called 
by  the  council  for  that  purpose  ; and  if  two-thirds  of  those 
voting  agree  that  such  Member  be  expelled,  the  Chairman 
shall  declare  this  decision,  and  the  name  of  such  Member 
shall  be  erased  from  the  books. 

XX.  — ^Every  Member  shall  have  the  privilege  of  intro- 
ducing one  visitor  at  each  Ordinary  Meeting.  The  same 
person  shall  not  be  admissible  more  than  twice  during  the 
same  session. 

XXI.  — Xotices  of  all  Ordinary  or  Special  Meetings  shall 
be  issued  to  each  Member  by  the  Secretary,  at  least  three 
days  before  such  Meeting. 

XXII.  — The  President,  Council,  or  any  ten  Members 
can  convene  a Special  Greneral  Meeting,  to  be  called 
within  fourteen  days,  by  giving  notice  in  writing  to  the 
Secretary,  and  stating  the  object  of  the  desired  Meeting. 
The  circular  convening  the  Meeting  must  state  the  pur- 
pose thereof. 

XXIII. — Votes  in  all  elections  shall  be  taken  by  ballot, 


xviii.  LIVERPOOL  BIOLOGICAL  SOCIE'IY. 

and  in  otlier  cases  by  show  of  bands,  unless  a ballot  be  J 
first  demanded.  I 

XXIV. — No  alteration  shall  be  made  in  these  Laws,  | 
except  at  an  Annual  Meeting,  or  a Special  Meeting  called  I 
for  that  purpose  ; and  notice  in  writing  of  any  proposed  i 
alteration  shall  be  given  to  the  Council,  and  read  at  the 
Ordinary  Meeting,  at  least  a month  previous  to  the  meet- 
ing at  which  such  alteration  is  to  be  considered,  and  the  , 
proposed  alteration  shall  also  be  printed  in  the  circular 
convening  such  meeting ; but  the  Council  shall  have  the 
power  of  enacting  such  Bye-Laws,  as  may  be  deemed 
necessary,  which  Bye-Laws  shall  have  the  full  power  of 
Laws  until  the  ensuing  Annual  Meeting,  or  a Special 
Meeting  convened  for  their  consideration. 


BYE-LAWS. 


1.  Student  Members  of  the  Society  may  be  admitted  as 
Ordinary  Members  without  re-election  upon  payment  of 
the  Ordinary  Member’s  Subscription  ; and  they  shall  be 
exempt  from  the  Ordinary  Member’s  Entrance  Eee. 

2.  University  College  Students  may  be  admitted  as 
Student  Members  of  the  Society  for  the  period  of  their 
college  residence,  on  the  single  payment  of  a fee  of  Five 
Shillings  and  an  entrance  fee  of  Two  Shillings  and  Six- 
pence. 
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1886  Barron,  Prof.  Alexander,  M.B.,  M.R.C.S.,  34, 
Bodney-street. 
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The  only  new  exchange  of  publications  arranged  during 
the  past  year  is  with  the  K.  Leopoldmisch-Carolinische 
Akademie  der  Naturforscher  of  Halle,  A.S.  Several 
other  exchanges  are,  however,  in  contemplation. 

The  grants  of  £24  by  the  Council  during  the  last  two 
years  have  nearly  sufficed  to  bind  all  the  back  numbers 
of  the  publications  in  the  Library.  A considerable  num- 
ber of  new  volumes  are,  however,  received  every  year,  and 
it  is  very  desirable  that  a yearly  vote  of  money  should  be 
made  for  this  purpose. 

Lists  are  given  below  of  the  publications  added  to  the 
Library  during  the  last  year,  and  of  the  Societies  and 
Institutions  with  which  publications  are  exchanged. 

List  of  publications  added  to  Library  during  the  Session 
1900-1901:  — 

Amsterdam,  Jaarboek  K.  Akademie  Wetenschafpen.  1899. 

Amsterdam,  Verhand.  K.  Akademie  Wetensch.  (Ser.  2).  Deel  VII., 
Nos.  1-3.  1899-1900. 

Amsterdam,  K.  Akad.  Wetensch.  Verslag  gewone  Vergad.  Wis-en 
Natuurk.  Afdeeling.  Deel.  VII.  1900. 

Amsterdam,  K.  Akad.  Wetensch.  Proc.  of  The  Section  of  Sciences. 

(English  Translation  of  above).  Vol.  II.  1900. 

Baltimore,  Memoirs  Biol.  Labt.,  Johns  Hopkins  University.  Vol.  IV. 
_No.  1— IV.  1898-1900. 

Baltimore,  University  Circulars.  Vol.  XIX.,  No.  146.  1900. 

Berlin,  Sitzungsb,  k.  Akad.  Wissench.  Jahrg.  1900.  Nos.  I.— LIII. 
Bergen,  Bergen  Museums  Aarbog.  1899,  1900. 
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Bergen,  Bergeiis  Museum  Aarsberetning  for  1899  and  1900-1, 

Bergen,  Crustacea  of  Norway,  G.  O.  Sars.  Vol.  III.,  Parts  5 — 10,  1900. 
Birmingham,  Proc.  Nat.  Hist,  and  Phil.  Society.  Vol.  X, — XI.  1896-9. 
Bordeaux,  Proces.  Verbaux  Soc.  Linn.  Vol.  LIV.  1899. 

Bonn,  Sitzungsb,  Niederrhein.  Gesell.  1899  (2),  1900  (1). 

Bonn,  Verhandl.  Naturhist.  Vereins.  Jahrg.  56  (2),  1900  (1). 

Bologna,  Eendiconto.  Accad.  Sci.  N.S,  Vols,  II.  and  III.  1898-9, 
Bologna,  Memorie  R.  Accad.  Sci.  Ser.  V.  Tom.  VII. — 

(a)  Sezione  di  Medicina  e Chirurgia. 

{h)  Sezione  delle  Scienze  Naturali. 

Boston  (U.S.A.),  Proc.  Soc.  Nat.  Hist.  Vol.  29.  Nos.  9,  11-14.  1900. 

Buenos  Aires,  Coniunicaciones  Mus.  Nac,  T.  I.,  Nos.  6 and  7,  1900. 
Cambridge  (U.S.A.),  Bull.  Mus.  Comp.  Zool.  Vols.  35,  No.  8;  36,  Nos. 
1—6;  37,  Nos.  1—2. 

Cambridge  (U.S.A.),  Annual  Report  Mus.  Comp.  Zool.,  Harvard. 
1899-1900. 

Chicago,  Fifth  Annual  Report  of  the  John  Crerar  Library, 

Chicago,  Field  Columbian  Museum  Publications — 

Anthropological  Series.  Vol.  I.,  No.  1;  Vol.  II,,  Nos.  1 — 3. 
1895-8. 

Zoological  Series.  Vol.  I,,  Nos.  2 — 18.  1895-99.  Vol.  3,  Nos. 

1—2,  1900. 

Ornithological  Series.  Vol.  I.,  No.  1 — 2.  1896-7. 

Geological  Series.  Vol.  I.,  Nos.  1 — 7.  1895-1900. 

Botanical  Series.  Vol.  I.;  Vol.  II,,  Nos.  1 — 3.  1895-1900. 

Report  Series.  Vol.  I.,  No.  1 — 5.  1895-99. 

The  Authentic  Letters  of  Columbus.  W.  E.  Curtis.  1895. 

Birds  of  Eastern  N.  America.  Pts.  1 and  2.  C.  B.  Cory.  1899. 
Chicago,  The  Botanical  Gazette.  Vols.  13 — 27,  1888-99.  Vol.  30,  Vol. 
31,  Pts.  1—2. 

Christiania,  Nyt.  Magazin  for  Naturvidenskaberne,  Bd.  38.  Hefte  1. 
1900. 

Christiania,  Oversigt  Vidensk.  Selskabs.  1899. 

Christiania,  Videnskabs-selskabs  Forhand.  1899.  Nos.  2 — 4. 

Dublin,  Scientific  Proc.  Roy.  Dublin  Soc.  Vol.  IX.,  pts.  1 — 2.  1899- 

1900. 

Dublin,  Economic  Proc.  Roy.  Dublin  Soc.  Vol.  I.,  pts.  1 — 2.  1899, 

Dublin,  Index  Proc.  and  Trans.  Roy.  Dublin  Soc.  1877-98. 

Dublin,  Trans,  Roy.  Dublin  Soc.  Vol.  VII.,  pts.  2 — 7.  1899-1900. 

Edinburgh,  Trans,  Scottish  Nat.  Hist.  Soc.  Vol.  I.,  pt.  1.  1900. 

Edinburgh,  Proc.  Roy.  Soc.  Edinburgh.  Vol.  XXII.,  1897-99. 
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Edinburgh,  Laboratory  Eeports,  Eoy.  Coll.  Physicians.  Vol.  VII., 

1900. 

Frankfurt,  A.M.,  Bericht  Senck.  Naturf.  Ges.  1900. 

Freiburg,  Ber.  Naturforsch.  Gesell.  Bd.  11.  Heft  2.  1900. 

Glasgow,  Trans.  Nat.  Hist.  Soc.  Vol.  6 (N.S.),  pt.  1.  1901. 

Glasgow,  Millport  Biological  Station.  Communications  I.  1900. 
Glasgow,  18th  Keport  Scottish  Fishery  Board.  1900. 

Gottingen,  Nachrichten  Konig.  Gesellsch.  Wissensch.  Math.-Phys., 
Klasse  Hefte  1-4,  1900. 

Gottingen,  Gesch.  Mitt.  Hefte  1 — 2.  1900. 

Habana,  El  Azucar  como  alimento  del  Hombre.  Dr.  y Costa. 

Habana,  La  Legislacion  Sanitaria  Escolar.  Dr.  y Costa. 

Hannover,  Mittheil.  Deutsch.  Seefischerei.  Yereins.  Bd.  16;  17, 

Nos.  1—3. 

Haarlem,  Arch.  Mns.  Teyler.  Ser.  2.  Vol.  7.  Pt.  2.  1900. 

Halifax,  Proc.  and  Trans.  Nova  Scotian  Inst.  Sci.  Vol.  X.,  pts.  1-5. 
1899. 

Kjobenhavn,  Oversigt  K.  Danske  Vidensk.  Selskabs.  1900,  Nos.  2 — 6, 

1901,  No.  1. 

Kjobenhavn,  Mem.  Acad.  Boy.  Sci.  Denmark.  Ser.  6,  t.  9,  No.  6.  1900. 

Kjobenhavn,  Eeport  Danish  Biological  Station.  IX.  1899. 
Kjobenhavn,  Vidensk.  Meddelelser.  Aar.  1900. 

Kjobenhavn,  Fortegn.  K.  Danske  Vidensk.  Selskabs.  Jan.,  1901. 
Kjobenhavn,  Beretning  Komm.  for  Vidensk.  Undersogelse.  Danske. 
Farvande. 

Kiel  and  Leipzig,  Wissensch.  Meeresuntersuchungen.  Bd.  3.  Heft  1. 
Bd.  4.  Heft  1.  1900. 

La  Haye,  Archives  Neerlandaises.  Ser.  2,  Tome  3,  Livr.  3 — 5,  1900. 
T.  4,  Livr.  1.  T.  5. 

Lawrence  (U.S.A.),  Kansas  University  Quarterly.  Vol.  VIII.,  Nos. 

2—4,  1899-1900.  Vol.  I.,  No.  3,  1900. 

Lawrence  (U.S.A.),  Eeports  Experimental  Station,  Kansas  University, 
1,  3,  5,  7.  1891-9. 

Lawrence  (U.S.A.),  Common  injurious  insects  of  Kansas,  V.  L.  Kellog. 
1892. 

Lawrence  (U.S.A.),  Alfalfa,  Grasshoppers,  Bees:  their  relationship. 

S.  J.  Hunter.  The  Honey  Bee.  S.  J.  Hunter.  1899. 

London,  The  Naturalist.  Nos.  520 — 27,  1900.  Nos.  528  31,  1901. 

London,  Monograph  of  Christmas  Island.  C.  W.  Andrews  and  others. 
1900. 

London,  Jour.  Eoy.  Micros.  Soc.  1900,  Pt.  4.  1901,  Pts.  1 — 2. 
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Leeds,  The  Alga-Plora  of  Yorkshire.  W.  West  and  E.  S.  West.  1900. 
Liverpool,  Jhill.  Liverpool  Museums.  Vol.  III.  No.  1.  1900. 

Leipzig,  Ber.  Vcrhandl.  k.  Sachs.  Gcsell.  Bd.  52.  Matlj.-Pliys. 

Klasse,  Bd.  52,  Hefte  2 — 7.  1900. 

Manchester,  Trans,  and  Ann.  Rep.  Micros.  Soc.  1899. 

Monaco,  Les  Canipagnes  Scientifiques  dc  S.A.S.,  le  Prince  Albert  1st. 
Dr.  J.  Richard.  1900. 

IMonaco,  Resultate  des  Campagnes  Scientifiques.  Ease.  13 — 16.  1899-1900. 
Monte  Video,  Aiiales  Mnsco  Nacional.  T.  2,  Ease.  17,  1900.  T.  3, 
Ease.  13—17,  1900-1. 

Moscow,  Bull.  Soc.  Imp.  Naturalistes.  1899.  No.  2 — 4,  1900. 

Munich,  Allgenieine  Eischcrei-Zeitung.  Nos.  8 — 24,  1900.  Nos.  1 — 7, 
1900. 

Melbourne,  Proc.  Royal  Society  Victoria.  Vol.  12.  (N.S.).  Pt.  2.  1900. 
Napoli,  Rendiconto  Accad.  Sci.  Eis.  E.  Mat.  Ser.  3a,  Vol.  6,  Ease.  3 — 12, 
1900.  Vol.  7,  Ease.  1—2,  1901. 

Napoli,  Annali  di  Neurologia.  Vol.  18,  Ease.  6.  1900. 

Nancy,  Bull.  Seances  Soc.  Biol.  Ser.  3.  Pt.  1.  1900. 

Nancy,  Bull.  Soc.  Sci.  Ser.  2,  T.  16,  Ease.  34.  Ser.  3,  T.  1,  Ease.  2—3. 
Paris,  Bulletin  Scientifique.  Vol.  XXXII.  1899. 

Paris,  Bull.  ZooL,  Erance.  Vol.  XXVIII.  1899. 

Paris,  Mem.  Soc.  Zool.  de  Erance.  T.  XII.  1899. 

Paris,  Bull,  du  Mus.  d’Hist.  Nat.  1900.  Nos.  1 — 4,  6 — 8. 

Paris,  Comptes  Rendu's  Ileb.  Soc.  de  Biologic.  T.  51,  No.  40.  T.  52, 
15—27.  T.  53,  1—12. 

Paris,  Juhiliare  Vol.  Soc.  Biol.  Paris.  1899. 

Porto,  Annaes  de  Sciencias  Naturaes.  Vol.  VI.  1900. 

Philadelphia,  Proc.  Acad.  Nat.  Sci.  1899,  Pt.  3.  1900,  Pts.  1—2. 

Plymouth,  Jour.  Marine  Biol.  Association.  Vol.  6,  Nos.  1 and,  2.  1900. 

Rome,  Unicuique  suum  prof.  J.  B.  Grassi.  Note  prel.  Ed.  2.  Dr.  S. 
Calandruccio.  1900. 

Salem  (U.S.A.),  Bull.  Essex  Institute.  Vols.  1 — 8,  15 — 30. 

Santiago,  Actes  Soc.  Sci.  du  Chili.  T.  9,  Liv.  1 and  5.  1900.  T.  10, 

Livr.  2.  1900. 

Singapore,  An  Expedition  to  Mt.  Kina  Balu,  Brit.  N.  Borneo.  R. 
Hanitsch.  1900. 

St.  Louis,  Trans.  Acad.  Sci.,  St.  Louis.  Vol.  9,  Nos.  6 — 9.  Vol.  10, 
Nos.  1—8.  1899-1900. 

Sydney,  Records  Australian  Museum.  Vol.  3,  No.  7 — 8.  1900. 

Stockholm,  Biliang  Kong.  Svenska  Veteusk.-Akad.  Bd.  25,  Afd.  III. 
and  IV. 
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Stockholm,  Brief  von  Johonnes  Mnller.  G.  Eetzius.  1900. 

St.  John  (Canada),  Bull.  Nat.  Hist.  Soc.  New  Brunswick,  No  18  1899. 

Tokyo,  Jonr.  Roy.  Coll.  Science  Imp.  University  Japan.  Vol.  Nil., 
Pt.  4.  Vol.  XIII.,  Pts.  1—2.  1900. 
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INAUGURAL  ADDRESS 

ON 

SOME  ANATOMICAL  PROBLEMS  BEARING  UPON 
EA^OLUTION. 

By  Prof.  PATERSON,  il.D.,  Presidext. 

[Head  October  12th,  1900.] 

Introduction. 

My  first  duty  is  to  thank  the  Liverpool  Biological 
Society  for  the  compliment  paid  to  me  in  my  election  to 
the  post  of  President  for  the  current  Session.  It  is  a 
great  honour  to  preside  over  this  society,  ivhich  under  the 
guidance  of  many  enthusiastic  iSiaturalists  has  attained  a 
position  in  the  district  and  in  the  wider  sphere  of  natural 
science  of  which  it  may  well  be  proud : and  it  is  a great 
honour  to  succeed  men  who  have  previously  occupied  this 
chair,  men  respected  and  distinguished  for  their  knowledge 
and  their  original  Avork. 

In  an  ideal  state  the  President  of  this  Society  would 
know  everything  about  something  and  something  about 
everything.  In  reality  I suspect  all  your  previous 
Presidents  would  admit  absolute  ignorance  of  many  things 
and  partial  knoivledge  of  a few.  In  this  respect  I feel 
fully  equal  to  the  standard  of  excellence  required. 
Indeed  it  is  in  truth  the  ever  narrowing  specialism 
of  Biological  science  which  most  of  all  justifies  the 
existence  of  such  a society  as  this.  Lach  of  us  is  apt  to 
folloAV  his  OAvn  solitary  pathway  of  thought  to  the  neglect 
of  the  pursuits  of  others.  One  of  the  main  objects  of  our 
meetings  here  is  to  break  down  the  barriers  raised  1)a 
separate  investigation,  by  collectivism  to  improve  on 
individualism,  by  sympathy  to  widen  knowledge.  One 
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common  aim  inspires  ns  all — to  define  the  action  of 
organic  forces,  to  reduce  order  ont  of  apparent  chaos,  to 
peer  as  deeply  as  we  can  into  the  well  of  Truth. 

It  is  with  special  pleasure  that  J come  before  you 
to-day.  It  is  a paidicular  gratification  to  an  anatomist 
to  have  the  oppoitunity  of  discussing  with  a sympatliet i(* 
audience  some  of  the  dihiculties  and  puzzles  that  confi’ont 
him  in  his  special  department  of  lliology. 

The  study  of  animal  morphology  is  overshadowed  by 
the  doctrine  of  evolution,  and  the  theory  must  admittedly 
be  tested  and  tried  by  the  seai’ching  light  of  structure  and 
development.  Palfeontology  looks  ever  backward. 
Functions  may  change,  and  be  transferred  to  stiuctiires 
of  an  alien  pattern.  Stnicture  is  always  reliable.  Tlie 
matter  of  the  origin  of  species  cannot  be  said  to  be  con- 
clusively settled.  There  are  many  points  in  vertebrate 
anatomy  which  bear  upon  it,  and  it  is  to  a few  of  these 
points  that  I wish  to  direct  your  attention  for  a while 
to-night. 

The  thought  has  occurred  to  me  that  the  question  of 
the  individuality,  or  the  transmutability  of  species  might 
be  settled  definitely  by  a study  of  some  of  the  lowest  forms 
of  life,  such  as  Bacteria ; but  if  after  the  exhaustive  study 
of  such  primitive  forms  the  subject  is  still  baffling,  how 
much  greater  difficulty  does  it  present  when  we  are  con- 
cerned with  complex  and  highly  organised  animals,  such 
as  Vertebrates. 

Vert ebr ate  Architecture. 

In  any  study  of  comparative  anatomy  our  primary 
object  is  to  decide  upon  the  principal  features,  the  plan 
of  architecture  of  the  animals  in  question. 

Among  vertebrate  animals  obviously  the  most 
characteristic  features  are  a tubular  structure,  bilateral 
symmetry  and  segmentation, 
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Segmentation. 

It  is  of  one  of  these  characteristics— segmentation— 

that  I wish  to  speak  a few  words.  We  are  rather  apt, 
in  my  opinion,  to  attach  too  mnch  importance  to  this  one 
feature.  We  are  inclined,  I think,  to  regard  vertebrate 
segmentation  as  a primary  feature,  whereas  although  it  is 
doubtless  fundamental  and  essential,  it  is  really  a 
secondary  event  or  process  in  the  architecture  of  the 
animal.  There  is  a still  more  elementary  plan  of 

structure  in  the  vertebrate  to  which  the  process  of  seg- 
mentation is  superadded  and  applied. 

The  most  primitive  plan — the  essential  architecture 
—of  the  vertebrate  organism  is  to  be  seen  m the  longi- 
tudinal series  (median  or  lateral)  of  structures  which  con- 
stitute the  organs  of  the  body,  the  notochord,  central 
nervous  svsteni,  alimentary  canal,  vascular  and  genito- 
urinary organs.  These  structures  are  all  in  their  origin 
unsegmented,  and  are  only  secondarily  and  partially 
aifected  by  the  segmental  process. 

Herbert  Spencer  makes  the  huninons  suggestion  that 
segmentation  has  arisen  on  account  of  the  necessities  of 
life,  for  feeding  or  protection  ; that  lateral  cleavage  is 
produced  by  the  stress  and  strain  laid  upon  a tubular 
organism  in  its  elforts  at  locomotion. 

As  a matter  of  fact,  in  the  embryo  the  segmental 
process  begins  with  the  formation  of  organs  concerned  in 
the  production  of  a locomotor  mechanism— the  myotonies 
or  muscle-plates— which  eventually  produce  the  axial 
muscles  and  the  axial  skeleton. 

Closely  connected  with,  and  immediately  subsequent 
to,  the  formation  of  these  plates,  the  nerve  roots  arise 
from  the  spinal  cord  in  pairs,  and  directed  between  the 
myotomes  retain  in  their  peripheral  course  a definitely 
segmental  arrangement,  which  becomes  fixed  and  stereo- 
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typed  I)Y  the  t'oniiation  at  a later  ])eviod  of  the  vertebral 
eolnmn. 

^'ot  only  the  iiuisciilar  and  nervous  systems,  but  other 
organs  and  systems  become  stamped  by  secondaiv 
characters  of  the  same  kind,  notably  the  vascular  and 
genito-uriiiary  systems,  producing  series  of  segmental 
vessels  and  segmental  tubules,  all  be  it  noted,  derived 
from  the  same  mesoblastic  germinal  layer. 

At  the  same  time  it  must  be  borne  in  mind  that  the 
essential  feature  is  a longitudinal  series  of  organs,  and 
that  the  segmentation  of  the  veitebi'ate  is  neithei*  constant 
ihroughout  its  length,  nor  necessarily  comi)lete  at  any 
])oint. 

Time  will  not  permit  me  to  illustrate  this  point  fully, 
but  I may  be  allowed  to  refer  to  one  or  two  organs  and 
systems  in  passing. 

The  A dial  SMeton — The  vertebral  segment  is  nevei- 
complete  even  in  the  skeleton.  The  nearest  approach  to 
it  occurs  in  the  thorax,  but  even  here  (in  mammals)  the 
sternum  is  interposed  to  fill  up  the  deticiences  of  the 
segmental  process,  as  a longitudinal  element  which  com- 
pletes the  thoracic  skeleton.  In  limbless  reptiles  the 
deficiency  remains,  and  the  idbs  terminate  in  free  ends. 

Idle  secondary  nature  of  segmentation  is  illustrated 
bv  the  development  of  the  spinal  column  in  rodents.  In 
the  rat  at  birth,  when  the  cartilaginous  elements  of  the 
skeleton  are  defined,  and  the  process  of  ossification  is  well 
advanced,  the  bodies  of  the  vertebrie  are  not  segmented 
off  from  one  another.  They  are  merely  constricted  at 
intervals,  and  the  whole  series  form  a kind  of  thick 
iubular  investment  tor  the  notochord. 

There  are  further  certain  obvious  instances  in  which 
segmentation  is  arrested : e.g.,  in  the  ceiwical  A^ertebrse  of 
cetacea,  and  in  the  human  sacrum.  The  best  instance  of 
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all  is  in  tlie  cranium,  where  there  is  no  clear  evidence  at 
all  of  osseous  segmentation,  but  instead  the  formation  of  a 
laminar  basis  cranii. 

Even  accepting  the  essential  character  of  the  process, 
the  value  and  importance  of  segmentation  are  diminished 
when  a comparison  is  made  to  show  its  effect  in  the  con- 
struction of  a large  group  of  animals.  We  are  familiar 
with  the  subdivision  of  the  mammalian  spinal  column 
into  regions — neck,  chest,  loin,  pelvis  and  tail.  The 
causes  producing  this  differentiation  are  numerous,  and 
are  correlated  with  other  differences  in  the  skeleton — site 
of  limb  attachment,  tail  development,  length  of  body 
required  for  the  reception  of  viscera,  &c.  Among  mam- 
mals there  is  no  constancy  or  definition  of  the  number  of 
vertebral  segments  in  any  region  of  the  spine.  Even  in 
the  neck,  where  there  is  greatest  constancy,  exceptions  to 
the  rule  occur.  We  cannot  explain  these  differences, 
which  are  fundamental  and  essential,  and  are  associated 
with  other  deep-seated  differences  of  structure. 

The  Peripheral  Nerves. — Keference  has  already  been 
made  to  the  segmental  character  of  the  peripheral  nerves  ; 
but  even  in  this  case  the  metameric  arrangement  is  not 
carried  out  completely,  either  in  the  origin  or  the  termina- 
tion of  the  nerves.  There  is  no  definite  segmentation  of 
the  grey  matter  of  the  spinal  cord  ; on  the  contrary,  the 
nerve  loots  overlap,  and  have  relations  with  considerable 
tracts  of  cord  on  each  side  of  the  point  of  entrance. 
Similarly  in  their  distribution,  while  some  motor  nerves 
have  necessarily  a segmental  termination  in  segmental 
('intercostal)  muscles,  as  a rule  the  segmental  arrangement 
of  the  nerves  is  obliterated  or  confused  by  the  formation 
of  plexuses  and  the  distribution  of  several  spinal  nerves 
to  a particular  muscle  or  area  of  skin. 

These  nerve  plexuses  produce  by  a combination  of 
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neiglibom  ing  segmental  nerve  trunks,  a series  of  nerves  of 
distribution  to  peripberal  areas  of  skin  or  mnscles,  wbicb 
constitute  a motor  and  sensory  mecbanism  tor  tbe  whole 
of  tbe  district  and  for  tbe  district  as  a whole  with  wbicb 
tbe  plexus  is  concerned.  This  is  well  illustrated  by  tbe 
arrangement  of  the  limbs,  to  which  attention  will  be 
directed  later  on. 

But  it  is  further  remarkable  that  just  as  the  seg- 
mental character  of  tbe  nervous  system  is  most  pro- 
nounced (as  might  be  expected)  where  tbe  segmental 
skeleton  is  most  apparent — in  tbe  region  of  the  thorax — 
so  in  tbe  bead  region,  where  osseous  segmentation  is 
virtually  absent,  tbe  segmental  nature  of  tbe  nerves  is 
most  doubtful  and  confused.  I do  not  wish  to  wandei- 
into  any  fields  of  speculation  about  tbe  cranial  nerves 
to-night,  but  only  name  them  as  illustrating  the  break- 
down of  segmental  characters  even  in  tbe  nervous  s}"stem, 
and  tbe  close  association  of  certain  of  them  (wbicb  are 
most  like  spinal  nerves)  with  segmental  motor  mecbanisms 
or  organs,  e.y.,  the  third,  fourth,  sixth,  and  twelfth  nerves, 
wbicb  are  the  motor  nerves  to  muscles  derived  from  tbe 
cephalic  myotonies. 

The  Nature  of  Limhs.—N  study  of  tbe  structure  of 
tbe  limbs  of  vertebrates  shows  tbe  influence  that  this  idea 
of  segmentation  has  upon  morphologists.  Owen,  that 
greatest  of  modern  comparative  anatomists,  regarded  tbe 
limbs  as  otfsboots  from  tbe  costal  arches. 

Pinning  our  faith  on  segmentation,  we  may  evolve 
tbe  niammalian  limb,  in  imagination,  in  tbe  following 
way  : — AVe  may  start  with  the  segmental  parapodia  of  tbe 
annelid.  Ampbioxus  gives  us  a further  advance  with  a 
lateral  fold,  segmented  and  therefore  representing 
possibly  a fusion  of  these  segmental  elements.  Tbe 
evanescent  woUHan  ridge,  with  its  permanent  pectoral 
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and  pelvic  limbs  in  kigber  vertebrates,  may  represent  the 
vestige  of  this  lateral  fold : the  limbs  of  elasmobianohs 

and  other  fishes,  with  their  more  luunerons  nerves,  repre- 
senting a lower  stage  of  evolution  than  the  lim  s o 
reptiles,  birds,  and  mammals,  in  which  fewer  nerves  (am 

therefore  segments)  are  engaged.  , t +i 

Unhappilv  this  theory  lacks  adequate  proof.  In  the 
mammalian  limb  at  least  the  only  strictly  segmental 
structures  engaged  are  the  nerves,  and  thejy  as  pointe 
out  alreadv,  lose  their  segmental  character  for  the  most 
part  owing  to  the  formation  of  the  limb-plexuses. 

The  mammalian  limb  is  formed  as  a flap  or  fold  of 
undifferentiated  mesoblast,  in  which  the  skeleton  forma- 
tion arises  as  a cartilaginous  core,  surrounded  by  strata 
of  cells  from  which  the  muscles  of  the  limb  are  produced. 
The  vessels  arise  in  situ,  and  although  ultimately  the 
structure  of  the  limh,  as  far  as  its  muscular  system  is 
concerned,  is  related  (indirectly)  to  the  segmental  muscle- 
plates,  the  nerves  are  our  only  guides  to  the  segmental 
chaiacter  of  the  limbs,  as  Goodsir  first  pointed  out. 

There  have  been  many  efforts  to  trace  these  seg- 
mental nerves  through  the  plexuses  and  through  the 
limbs.  I do  not  propose  to  enlarge  to-night  upon  the 
work  that  has  been  done  by  anatomists,  physiologists  and 
clinicians  in  this  field ; but  we  have  now  a fairly  clear 
picture  of  the  significance  of  a limb  plexus.  We  know 
that  a plexus  does  not  mean  confusion  of  distribution.  It 
can  be  made  out  by  careful  dissection,  by  experiment  and 
by  clinical  observation  that  the  chief  occurrence  in  the 
formation  of  a plexus  is  (1)  the  division  of  a series  of 
spinal  nerves  into  subordinate  cords,  and  (2)  the  union  of 
these  subordinate  cords  (large  or  small)  w'lth  one  another, 
so  as  to  produce  a series  of  nerves  for  the  innervation  of 
the  limb  in  such  a way  that  ditt'erent  impulses  from  a 


10 


TRANSACTIONS  LIVERPOOL  HIOLOGICAL  SOCIETY. 


particulai'  area  or  spot  may  l)e  able  to  stimulate  a widei' 
tract  of  tlie  spinal  cord,  and  motor  impulses  from  a 
particular  central  point  may  reach  more  than  one  muscle, 
as  a given  muscular  nerve  is  known  to  contain  fibres  fiom 
more  than  one  spinal  neive,  and  a given  spot  of  skin  is 
similarly  known  to  be  innei’vated  by  more  than  one  spinal 
nerve.  In  other  words,  a limb  plexus  is  a nerve-organ  for 
the  suj3ply  of  the  linil)  as  a whole,  and  for  the  whole  limb, 
providing  for  the  adequate  reception  of  different  impulses 
and  for  the  proper  regulation  of  musculai'  action.  There  is 
further  a moi  phological  significance  in  the  upbuilding  of 
the  limb  plexuses,  in  which  the  segmental  arrangemenl 
is  shown,  although  faintly.  Here  then,  without  going 
fuither,  we  have  an  instance  of  the  value  of  segmentation 
m vertebrate  architecture.  In  elasmobranchs,  and  in 
leptiles,  it  appears  certain  that  the  muscular  apparatus 
of  the  limbs  is  derived  directly  from  the  myotonies.  In 
birds  and  mammals  the  segmental  character  of  the  limb 
muscles  is  obliterated,  and  they  arise  in  situ  from 
undiffeientiated  mesoblast.  In  all  vertebrates  the  nerves 
aie  segmental.  As  in  the  trunk  so  in  the  limbs  in  their 
most  primitive  condition,  it  is  the  locomotor  mechanism 
which  shows  evidence  of  a segmental  origin.  But  in  the 
mammalian  limb,  as  in  the  muscular  system,  so  with 
regard  to  the  nerves,  the  segmental  process  is,  so  to  speak, 
discarded  when  its  work  is  done.  Although  the  segmental 
character  of  the  nerves  can  be  traced  even  in  their 
ultimate  distribution  to  muscles  and  nerves,  vet  this 
feature  is  partially  obliterated,  and  is  forced  into  a less 
conspicuous  position  by  the  still  more  fundamental  and 
essential  characteristics  of  the  mammalian  limb. 

The  Value  of  Segmentation. — In  hue,  segmentation 
may  be  looked  upon  as  a process  which  stamps  the  verte- 
brate organism  with  ceitain  definite  features,  but  is  not 
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necessarily  the  essential  plan  of  its  organisation.  It  is  a 
process  liable  to  be  controlled,  modified,  and  curtailed  by 
other  causes,  and  by  the  action  of  other  principles  in  the 
growth  of  the  animal.  It  is  a valuable  guide  up  to  a 
certain  point,  but  other  principles  have  to  be  taken  into 
account  as  well,  in  making  a wide  or  general  comparison 
of  even  vertebrates  alone.  Segmentation  is  a factor  in 
organic  growth  which  is  utilised  as  far  as  is  needed,  but 
the  extent  to  which  it  is  carried  varies  extraordinarily  in 
different  animals  and  in  parts  of  the  same  animal.  The 
process  of  segmentation  moreover  is  superadded  to  the 
still  more  fundamental  style  of  architecture,  the  longi- 
tudinal tubular  arrangement  of  the  essential  organs  of 
the  body. 

Embryological  Difficulties. 

The  problem  of  evolution  also  faces  us  in  the  stud}" 
of  the  growth  and  development  of  an  animal.  Of  course 
among  vertebrates  and  more  particularly  mammals,  we 
are  dealing  with  structures  highly  specialised  and  compli- 
cated. But  the  problem  is  essentially  the  same  as  in 
simpler  forms, — to  understand  what  determines  the 
differentiation  of  the  cellular  constituents  of  the  organism, 
because  ultimately  this  cellular  differentiation  is  the 
cause  of  the  individual  and  specific  characters  of  a 
particular  form — the  leopard’s  spots  and  the  Ethiopian’s 
skin. 

A complex  oi-ganism  is  Iniilt  up  of  organs.  Its 
organs  are  composed  of  tissues,  and  its  tissues  of  cells  and 
their  derivatives.  In  the  skeleton  there  are  a series  of 
structures  which  are  obviously,  from  their  size,  durability 
and  importance  in  the  animal  economy,  of  the  greatest  use 
in  the  study  of  comparative  anatomy.  In  comparing  one 
animal  with  another,  or  making  out  the  homologies  of 
their  structure,  a basis  of  comparison  must  be  taken  either 
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ill  tlie  adult  bones,  or  in  some  embryonic  condition 
of  the  skeleton  common  to  both  animals. 

I have  recently  made  a study  of  the  development  of 
the  breast-bone,  and  have  realised  the  difficulties  which 
lieset  this  subject  in  relation  to  the  development  of  the 
tissues  in  the  embryo.  Like  the  rest  of  the  skeleton,  the 
sternum  begins  as  myxomatous  mesoblastic  tissue.  Its  cells 
become  more  closely  conglomerated  together  to  form  a 
longitudinal  streak  or  strand  of  cells  (associated  at  the 
head  end  ivith  the  developing  clavicle.)  This  cellular 
band  is  joined  by  the  ribs,  and  becomes  converted  into 
hyaline  cartilage,  around  which  the  formation  of  bone 
occurs,  gradually  converting  the  cartilaginous  sternum 
into  blocks  of  osseous  tissue. 

I hope  to  have  another  opportunity  this  winter  of 
discussing  the  morphological  questions  connected  with 
this  stud3^  At  present  it  is  enough  to  point  out  how  it 
illustrates  the  depth  of  the  difficulty  surrounding  the 
evolution  of  any  organism.  Here  we  have  a highly 
complex  process  occurring  not  by  chance,  or  apparently 
on  account  of  extraneous  circumstances,  but  spon- 
taneously, and  in  consequence  of  the  inherent  vital 
capacity  of  the  constituent  cells,  due  to  the  arrangement 
of  their  atoms,  to  their  chemical  activity,  in  short,  to  the 
functions  of  protoplasm. 

There  appears  to  be  more  predestination  than  free 
will  in  embryology,  and  not  only  the  plan  of  the  building, 
but  also  the  materials  used  are  of  a regular,  definite 
2)attern. 

The  Significance  of  Anatomical  Variations. 

One  of  the  strongest  arguments  in  Darwin’s  theory 
of  the  origin  of  species  is  the  capacit}^  of  individual 
organisms  for  variation.  1 would  like  for  a moment  lo 
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refer  to  this  subject,  and  to  inquire  what  bearing  the 
occurrence  of  anatomical  variations  may  be  said  to  have 
upon  the  general  problem. 

Anatomists,  from  a minute  study  of  a single  species, 
are  tolerably  familiar  with  the  extent  and  importance  of 
these  variations  from  the  normal.  We  are  all  aware  how 
the  monotony  of  the  anatomist’s  day  is  varied  by  the 
occasional  mild  excitement  caused  by  the  occurrence  of 
an  abnormality.  It  is  gravely  handled  by  the  professor, 
examined  by  the  demonstrators,  and  enthusiastically 
dissected  by  the  student,  until  eventually  the  excitement 
subsides  and  the  specimen  is  gone. 

Variations  may  be  gross  or  refined,  teratological  or 
anatomical.  If  any  philosophical  significance  attaches  to 
the  occurrence  of  variations,  if  they  are  stepping-stones  in 
the  pathway  of  evolution,  teratological  variations  of  such 
a kind  as  to  interfere  with  the  vital  functions  of  the  indi- 
vidual, might  be  expected  to  disappear  through  want  of 
inheritance. 

Even  gross  variations  can,  however,  be  traced,  as  a 
rule,  to  an  excess  or  arrest  of  development  along  the  usual 
lines.  They  thus  have  a distinct  value  (and  this  is  their 
only  scientific  value,  in  my  opinion)  in  corroborating  and 
conhrniing  the  path  of  development  of  the  organ  in 
(piestion  cleft  palate,  spina  bifida). 

T’he  development  of  the  kidney  and  ureter  has  been  in 
recent  years  subjected  to  fresh  study,  with  the  result  that 
the  accepted  view  of  their  formation  has  been  doubted. 
Such  a teratological  example  as  a rudimentary  kidney  and 
a separate  rudimentary  ureter,  lends  support  to  the 
orthodox  view  of  the  formation  of  the  two  organs  from 
separate  elements. 

The  occurrence  of  variations  great  and  small  alike 
raises  some  unanswerable  questions. 
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7'u'ins. — ])o  twins  oroiir  moi-oly  as  spoils  to  increase 
the  g'aietv  of  nations  ^ Or  are  they  extreme  examples 
of  a fertility  that,  occnrring  in  a lesser  degree,  produces 
double  monsters  P Or,  again,  does  their  occurrence 
associate  man  phylogenetically  with  any  grouj)  in  which 
a pair  of  young  is  the  normal  occunence 

\ Kjouv  or  Decline.-  T\\o  female  eleidiant,  in  certain 
of  its  organs— the  anthropoid  apes,  in  certain  characters  of 
the  skeleton,  exhibit  extraordinary  and  striking  varia- 
tions. Do  such  conditions  illustrate  a progressive  ten- 
dency, oi'  a tendency  towards  degeneration  and  declined 
They  may  be  due  to  a ri'stlessness  of  disposition  causinl 
by  excessive  vigour,  oi'  a fiickeiing  vitality,  a lack  of 
juoper  direction  and  correlation  of  the  forces  lesjionsible 
foi-  the  growth  of  the  organism. 

77/c  Sign  if  ea  nee  of  V ariafion.'^. — The  share  of 

variations  in  deteiniining  the  relationships  of  sjiecies, 
in  deciding  the  avenue  of  evolution  of  an  organ  or  an 
individual,  in  even  fixing  the  path  of  development 
of  an  organ  in  a single  species,  is,  in  my  opinion,  of 
comparatively  small  account.  Yariations  [jer  se  appear  to 
me  to  have  no  more  power  in  the  production  of  specific 
alterations  than  the  waves  beating  on  the  shore  in  grind- 
ing corn. 

Excessive  development  [e.g.,  double  thumb)  is  not 
necessarily  an  advance  in  development,  and  vice  versa. 
Ihe  variation  produced  may  be  something  quite  remote 
from  the  disturbance  in  development  which  causes  it  {e.g., 
Meckel  s diverticulum).  One  variation  {e.g.,  supracondA'- 
loid  process)  may  be  of  little  account  to  the  indiA’idual ; 
another  {e.g.,  patent  foramen  ovale)  is  of  profound 
importance.  A given  variation  may  be  common  in  one 
species,  rare  in  another  {e.g.,  lateral  alterations  in  the 
attachment  of  the  ilium  and  sacrum). 
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Again,  taking  two  variations  in  opposite  directions 
in  a given  organ,  is  the  commoner  variation  of  more 
importance  than  the  rarer  P Does  the  more  frequent 
illustrate  a tendency  in  a particular  direction  on  the  part 
of  the  species  in  which  it  occurs  P Are  we  justified  in 
concluding  that  of  the  two,  that  variation  which  occurs 
in  ()5  per  cent,  indicates  progressive  change,  and  the 
opposite,  which  occurs  in  45  per  cent.,  marks  retrogressive 
change  in  the  species  P 

Teeth. — For  example,  it  is  much  more  common  to 
meet  with  individuals  whose  teeth  are  below  the  normal 
number  by  reason  of  the  ludimentary  character  of  the 
wisdom  teeth,  than  those  whose  teeth  exceed  the  normal 
number.  ' From  this  may  we  infer  the  existence  of  a 
tendency  towards  diminution  in  the  number  of  teetliP 
Yes,  we  may,  if  the  inference  is  strengthened  by  the  com- 
parison in  size,  form  and  number  of  the  teeth  of  man  and 
other  mammals. 

Hair. — It  is  similarly  more  common  to  find  a diminu- 
tion in  the  extent  and  quantity  of  hair  than  an  excessive 
growth  on  head,  face  or  body.  It  may  therefore  be  in- 
ferred that  man  is  gradually  becoming  less  hairy,  an 
inference  supported  by  comparative  anatomy. 

Osseon.^  Variations. — For  the  most  jjart,  however, 
suck  infeiences  must  be  taken  with  the  greatest  caution, 
and  in  regard  to  most  of  the  variations  which  occur  no 
such  infei'ences  are  possible.  A o evidence  of  the 
existence  of  a special  tendency  exists.  Osseous  variations 
appear  to  have  a significance  only  within  the  narrowest 
limits.  For  example,  in  the  vertebral  column  two  classes 
of  variations  occur — correlated  variations  in  the  number  of 
^ ertebrjB  in  each  region,  and  unilateral  variations  of 
individual  vertebrae.  The  causes  producing  these  varia- 
tions are  numerous,  and  may  act  separately  or  together. 
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The  correlated  changes  in  coccyx  and  sacrnm  are  due  to 
atrophy  of  the  caudal  vertehra*,  along  with  tixation  of  the 
]ielvis,  the  erect  attitude,  Slc.  (h)rrelated  vai'iations  of 
the  thoracie  and  lumbar  veitehire  aie  dep(mdeni  upon 
elongation  or  diminution  of  the  length  of  the  tiuiik', 
])ossil)lv  associated  with  difterences  in  the  size  and  rai(‘ 
of  growth  of  visceia,  and  u])on  the  separation  or  a])proxi- 
mation  of  the  region  of  the  attachment  of  the  limbs. 

Lumbo-sacral  variations  are  associated  with  the 
mode  of  attachment  of  the  hip-bone  to  the  spine,  and 
present  an  excellent  example  of  individual  variation, 
llosenberg  has  formulated  the  theory  of  a phylogenetic 
shortening  of  the  vertebral  column  by  a telescoping  of 
the  spine  on  the  hip-bones,  and  bases  his  view  in  part  upon 
the  fact  that  among  the  variations  in  this  region  there  are 
exani])les  of  four  instead  of  five  lumbar  vertebrm,  the 
fifth  being  absorbed  into  the  sacrum,  and  providing  an 
attachment  of  the  ilium. 

When  however  we  examine  a large  series  of  human 
spines  and  sacra,  we  find  that  an  excessive  number  of  prse- 
sacral  vertebrae  (25)  is  as  common  as  a diminished 
number  (2'>).  If  numbers  are  of  any  account — and  in  a 
democratic  age  every  vote  has  the  same  weight — these 
variations  indicate  as  great  a tendency  to  elongation  as 
to  shortening  in  the  length  of  the  spine.  llosenberg 
looked  upon  the  form  of  spine  with  an  excessive  number 
of  praesacral  vertebrae  as  “ atavistic,”  that  with  a 
diminished  number  as  a “future”  form.  The  plain  fact 
is  that  we  have  here  a mere  individual  variation,  indi- 
cating an  oscillation  of  the  hip-bone  round  its  normal 
attachment.  It  may  in  such  cases  (which  occur  equally 
in  both  directions, — 5’d  per  cent.)  catch  on  the  24th  (last 
lumbar)  vertebra,  or  it  may  miss  its  connection  with  the 
26th  (first  sacral)  vertebra. 
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. imilar  variations  occur  in  birds,  reptiles  and  fishes 
and  in  the  light  of  comparative  anatomy,  and  of  the  con- 
comitant and  correlated  variations  in  other  organs  U.a , 
the  nervous  system)  their  morphological  value  hecon/es 
extremely  restricted.  They  are  indeed  merelv  individual 
, laiiations  in  the  attachment  of  the  limb  to  the  trunk 

.1/u.rn/nr  and  Vasc^dar  Funuffon.,. -Similarly  with 
other  organs  and  systems,  the  capacity  for  varia'tion  is 
les  noted  to  narrowly  prescribed  limits.  In  the  muscular 
system  the  complexity  of  structure  ami  arrangement  is  so 
g.eat  that  any  variation,  as  a rule,  implies  the  minutest 
change  in  the  complexity  of  the  system.  All  the  muscular 
'ariations  possible  taken  together  give  no  clue  to  the 
evolution  of  the  system  or  the  ancestry  of  man.  A 
<-  e ciency  of  the  diaphragm  may  recall  the  reptile ; but 
on  the  other  hand,  it  may  only  be  an  individual  example 
of  ai-i-ested  (leveJopment. 

The  variations  in  tlie  vascular  system  are  of  com- 
aiatively  small  importance  morpJiologically  if  we  except 

andE'7T?'t  formation  of  blood-vessels 

on  „ ;T  • concomitant  varia- 

SZr  obstruction 

dl  ause  an  alteration  in  the  origin  and  course  of  an 
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Variations  appear  thus  to  be  unreliable  guides  except 
"•ithin  narrow  limits  „ ,• 

ine}  are  exceptions  that  prove 


the  lule.  From  abnormalities  great  or  small,  we  aie  not 


justified  in  drawing  any  large  exclusion.  TheTs::::':'! 

orgar‘”Tr  clovelopment  of  an 

logical  d-  pV"'"  morphological  or  physio- 

g.cal  disturbance  in  the  district  in  which  they  o;cur 
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just  as  abnormal  population  statistics  are  a symptom  of 
abnormal  conditions  of  life.  A liip:li  death-rate  means  an 
unhealthy  enyironment.  An  abnormal  relation  of  the 
sexes  occasionally  occurs,  c.r/.,  at  Soutlipoid.  In  Scotland 
o-enerallv  the  ex(*ess  of  marriageable  females  (lb  to  45)  is 
2 in  1,000:  in  Dundee  the  excess  is  T(S  in  1,000.  This  :s 
due  not  to  the  s])ecial  attiactiveness  of  the  Dundee  mah's, 
but  to  an  alteration  from  noinial  industrial  conditions, 
and  the  almost  exclusive  eni])loyment  of  female  laboiii-  in 
the  Dundee  mills,  or,  as  in  Southport,  to  the  absence  of 
industries  for  marriageable  males. 

Variability  is  something  inherent  in  all  growing 
organisms.  It  is  a sign  of  vitality  and  individuality.  It 
has  no  significance  in  determining  affinities  with  othei- 
species,  or  in  suggesting  the  existence  of  any  tendency, 
exce])t  the  tendency  to  vary.  At  the  same  time  the 
capacity  for  variation  is  extremely  limited  for  organ, 
individual  or  species. 

One  of  the  most  striking  phases  in  which  the 
individuality  and  vitality  of  our  race  is  shown  is  in  what 
may  be  called  theological  variability.  In  the  Protestant 
(diurch,  freedom  of  thought  naturally  gives  scope  to  this 
characteristic,  and  leads  to  the  production  of  minor 
differences  of  thought  and  creed  ; different  variations  of 
the  same  idea,  strangely  limited,  strangel}^  active,  but 
withal  not  apjiaiently  capable  of  affecting  any  funda- 
mental change  in  the  national  temper  or  the  national 
character. 
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LIVERPOOL  MARINE  BIOLOGY  COMMITTEE 

AND  THEIR 

BIOLOGICAL  STATION  at  PORT  ERIN. 

By  Professor  W.  A.  Herdman,  D.Sc.,  F.R.S. 

There  is  nothing  remarkable  to  record  in  regard  to  the 
educational  aspects  of  the  work  at  the  Station  during  the 
past  year ; but  all  lines  of  work  have  been  continued, 
and  all  investigations  have  advanced  a stage.  Four 
L.M.B.C.  Memoirs  have  been  published,  Yolume  Y.  of 
the  “Fauna”  has  been  issued,  meetings  have  been  held 
at  the  Station  both  for  scientific  purposes  and  to  promote 
the  interests  of  the  insular  fisheries,  dredging  and  other 
expeditions  have  taken  place,  nearly  all  our  usual  workers 
— -Mr.  Thompson,  Mr.  Y^alker,  Miss  Thornely,  Mr.  Lea, 
Mr.  Leicester,  Mr.  Scott,  and  others  have  continued  their 
researches,  and  with  their  help  the  Curator  has  prepared 
a series  of  distributional  charts  which  will  be  of  use 
locally  to  those  who  visit  the  laboratory  and  collect  in  the 
neighbourhood,  and  will  also  have  a wider  interest  to 
all  who  study  the  distribution  of  shallow  water  marine 
animals  as  affected  by  depth,  nature  of  sea-bottom  and 
other  conditions. 

The  Station  Record. 

During  the  past  year  the  following  naturalists  have 
worked  at  the  Biological  Station,  in  addition  to  the 
Curator  (Mr.  H.  C.  Chadwick)  who  has  been  in  constant 
attendance  with  the  exception  of  a fortnight’s  holiday  in 
May. 
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DAT1-:.  NAMK. 

■January  Rev.  T.  S.  Lea 

March  23rd,  ) 

to  Mr.  F.  J.  Cole  

April  2Srd  ) 

■June  12  th  ) 

to  - Rev.  'r.  iS.  Lea  and  INlrs.  TiCa 

Jnly  4th  ) 

■June  2()th  ) 

to  Mr.  C.  F.  Jones  

■luly  2nd  ) 

.luhi  INIr.  1.  C.  Thompson 

— jNIr.  A.  Leicester  

dull/  2nd  ■ ) 

to  j\Ir.  L.  St.  George  Byne  ... 

Srpfeniber  4th  ) 

A uquHt  23rd  ] 

to  Mr.  F.  \V.  Headley 

Septembtr  1 8th  ) 

September  1st  ] 

to  Mr.  E.  T.  Browne 

October  I6th  ) 

September  INIr.  C.  Turner  

— Prof.  Herdman 

IMr.  I.  C.  Thompson 

September  2!Jih  ] 

to  Mr.  H.  Yates  

October  3rd  ) 

^ ^ , (Air.  I.  C.  Thompson 

October  (Prof.  Herdman  

(Air.  I.  C.  Thompson 

November  Prof.  Herdman  

(Air.  R.  Okell 
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I'here  have  also  been  many  visitors  to  the  Station, 
including  the  President  and  Members  of  the  Isle-of-Man 
Xatural  History  and  Antiquarian  Society,  Deemster 
Kneen,  Deemster  Moore,  the  High  Bailiff  of  Peel,  the 
Hiffh  Bailiff'  of  Castletown,  Mr.  Justice  Shee,  the 
Principal,  Masters  and  boys  from  King  JVilliam’s  College, 
and  many  others. 


C ckator’s  Hefort. 


“ No  eff'ort  has  been  spared  to  keep  the  instruments 
and  apparatus  in  the  Laboratory  in  an  efficient  condition. 
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and  excepting  one  ol  tlie  larger  dredges,  no  appreciable 
loss  or  damage  lias  occurred  in  connection  with  their  rise. 
The  larger  Shellbend  boat  is  still,  after  four  seasons  use, 
in  a sound  and  seaworthy  condition.  At  the  close  of  the 
season  some  slight  repairs  were  found  necessary,  and  were 
easily  effected  on  the  spot.  The  boat  was  then  thoroughl} 
cleaned  and  re-yarnished.  The  smaller  Shellbend  boat 
has  not  proyed  quite  so  seryiceable,  and  repaiis  by  the 
builder  were  recently  found  necessary.  The  boat  is  at 
present  at  Chester. 

“A  few'  additions  haye  been  made  to  the  Library 
during  the  past  year,  for  which  we  are  indebted  to  Mr. 
T.  W.  Headley  and  others.  There  is  still  room  in  the 
bookcase,  and  further  donations  from  authors  and  others 
will  be  very  welcome. 

“ The  Aquarium  has  attracted  oyer  350  visitors  during 
the  season,  a number  slightly  larger  than  that  recorded 
last  year,  and  it  has  again  been  the  means  of  interesting 
many  in  the  aims  of  the  Committee  and  the  work  of  the 
‘^dation,  and  extending  their  knowledge  of  marine  life. 

“During  the  early  spring  I cleaned  and  remounted 
the  collection  of  marine  shells  presented  some  years  ago 
by  Mr.  Cr.  AV.  AVood.  They  are  now  exhibited  in  the 
fflass  cases  fixed  to  the  wall  between  the  tanks  on  the 
upper  door,  and  each  species  bears  a label  on  which  its 
local  and  general  distribution  is  stated. 

“ At  the  end  of  March  four  small  lobsters  were  pre- 
sented by  M.  E.  Crebbiii,  and  wei-e  placed  in  the  tanks 
along  with  one  captured  by  myself.  Of  these  three  are 
still  living,  the  others  having  died  during  the  process  of 
shell-casting.  I have  fed  them  occasionally  with  fresh 
fish,  but  shore,  edible  and  hermit  crabs  appear  to  be 
favourite  food.  . The  habit  of  concealing  food  in  the 
gravel  at  the  bottom  of  the  tank,  noticed  in  last  year  s 
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ileport,  lias  been  practised  l>y  all  tlie  specimens.  A small 
conger  captured  in  Marcli  is  still  alive  and  liealtJiy.  For 
some  weeks  after  capture  it  refused  food,  but  it  has  sinc(; 
taken  the  Polychsete  worms,  Nephthys  and  Nerine,  with 
avidity.  The  hermit  crab  {Enijayuriis  hernhardus),  whi(di 
it  attacks  and  drags  from  its  shell  with  great  persistence 
appears  to  be  a favourite  food,  and  its  latest  gastronomic 
feat  was  to  swallow  a small  specimen  of  its  own  species, 
about  one-third  its  own  size.  AVhen  not  at  once  seea 
by  the  conger,  the  worms  drop})ed  into  the  tank  begin  to 
burrow  in  the  gravel  at  the  bottom.  In  preference  to 
seizure  of  the  projecting  tail  end  of  the  worm,  the  tish 
drives  its  snout  into  the  gravel  in  search  of  the  head  with 
such  force  that  the  impact  can  be  distinctly  heard  when 
standing  some  feet  from  the  front  of  the  tank. 

“ We  are  indebted  to  the  llev.  T.  8.  Lea  and  Mr.  (1.  J. 
Warner  (of  Widnes)  for  their  kindness  in  I'epairing  the 
langye  pump,  and  to  the  latter  gentleman  for  rubber 
unions  and  tools  with  which  to  connect  the  hose  with 
the  pump. 

Ihe  meteorological  observations  have  been  recorded 
with  regularity,  but  call  for  no  special  comment. 

“ Shore  collecting  and  dredging  has  been  (*arried  on 
by  myself  and  other  workers  throughout  the  sirring  and 
summer,  and  amongst  the  more  interesting  captures  niav 
be  mentioned  the  Audibranchs  Davis  diajdiana  and 
Hero  formosa,  the  former  taken  by  Mr.  Cole  during  the 
low  spring  tides  at  the  beginning  of  April,  and  the  latter 
in  autumn  by ‘dredging  in  Bay  Fine  and  also  S.E.  of  the 
Calf  in  20  faths.  Both  are  additions  to  our  local  Fauna. 
Tow-netting  has  been  carried  on  throughout  the  year, 
and  the  sequence  of  organisms  observed  has  corresponded 
closely  with  that  stated  in  the  Summary  published  in  last 
year’s  Iteport.  A remarkable  diminution  in  the  quantity 
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of  organisms,  especially  of  Copepoda,  was  noticed  about 
the  middle  of  July  and  from  that  time  onwards  to  the  end 
of  September.  I saw  only  three  specimens  of  Aurelia 
aurita,  usually  so  abundant,  within  the  limits  of  the  bay 
during  the  summer,  and  Bero'e  ovata^  abundant  in  J uly 
and  August  last  year  was  not  seen  at  all. 

“ I have  a few  corrections  to  make  in  the  list  I gave 
in  last  Ueport : — The  Siphonophore  recorded  last  year  as 
Agahnopsis  elegant  has  been  identified  by  Mr.  E.  T. 
Biowne  as  Cupulita  sarsli.  It  has  been  less  common  this 
year  than  last.  The  Ctenophore  recorded  as  Hormijyhora 
proves  to  be  Pleurohrachia,  and  that  recorded  under  the 
latter  name  is,  I find,  Bolina.  The  only  addition  to  the 
Plankton  Fauna  is  Arachnactis  alhida,  of  which  the  near 
relative  A.  hournei  was  recorded  last  year.” 

[H.  C.  Chadwick.] 

Dredging  Expeditions. 

Many  dredging,  trawling,  and  tow-netting  expeditions 
have  taken  place  in  sailing  boats,  larger  rowing  boats, 
and  our  own  “ Shellbend  ” punts  in  the  immediate 
neighbourhood  of  Port  Erin  throughout  the  year,  and  the 
results  have  been  recorded  by  the  Curator  in  the  distri- 
butional charts  referred  to  further  on  (see  p.  39).  Boat 
collecting  expeditions  at  time  of  spring  tides  from  Port 
St.  Mary  to  the  Gireat  Caves  at  the  Sugar-loaf  Pock  and 
to  the  “ Clets  ” in  the  Calf  Sound,  have  also  been  carried 
out  with  success. 

On  September  l-Uh  we  hired  the  steam  trawler  “ Pose 
Ann  ''  from  Mr.  Knox,  of  Douglas,  and  had  an  excellent 
day's  work,  chiefiy  to  the  east  and  south  of  the  Calf  Island, 
dredging  and  trawling  in  depths  of  fi  oni  15  to  JO  fathoms. 
All  the  workers  at  the  Station  joined  in  the  expedition. 
It  was  a beautiful  day  at  sea.  We  worked  hard  all  day. 
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and  niucli  “ spoil  " was  captured  and  lirouglii  back.  We 
drew  up  a long  list  of  the  animals  observed  during  the  day, 
from  which  I pick  out  the  following  sjiecies  to  give  some 
idea  of  the  fauna  investigated:  — 

Alcjioniiun  , Sairodiclijoii  catcnata,  Aiitai- 

inilaiia  aiitennina,  and  A.  ramosa,  Seriiikiria  (ihidlua  and 
S.  Jilicula,  and  other  Hydroids  (see  below,  p.  30),  Campaiiii- 
laria  rciiicillata,  Adarmia  palliata,  Stichaster  rosciiH,  Poranla 
pidvillus,  Pahiiipcs  i}H>)id>yanaa’ua,  Spataipius  purpimais^ 
Thyone  /asm,  Carimdla  arayoi,  Chaetojderus  variopcdatnH, 
Halosydna  yelatinosa,  Filofirana  implexa,  Crisidia  coniiita, 
CcUarln  fidnlom,  Porelhi  coiiciinia,  and  many  otlier  Polyzoa 


“Sugar  Jx)af”  Rock,  near  the  Chasms. 
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(see  special  lists  below,  p.  80),  Crania  anomala,  Gnathia 
dentata,  Ipliimedia  ehlance,  Ehalia  tuherosa.  Munida  ragosa, 
Paguriis  prideauxii,  Xantho  riridosa,  Eiupnoine  aspera, 
Pectcn  tested,  P.  tigriiius,  and  P.  pnsio,  Lima  dliptica, 
Astarte  sulcata,  Mya  hinghami,  Pectunculus  glycimeris,  Adis 
(fulsonce,  Emarginula  fissura,  Fissurdla  greeca^ , Eolis  tricolor, 
Tvitonia  plehcia,  Eero  formosa,  Styelopsis  grossidaria, 
Cynthia  morio,  Eorhesellatessdlata,  Corella  parallelogramma, 
Ciona  intestinalis,  Ascidia  nuoitula,  A.  jdeheia,  A.  venosa, 
A.  virginea  and  A.  scahra ; there  were  many  others,  some 
of  which  are  referred  to  helow  in  the  special  reports  on 
work  done. 


Oij  a Dredging  Expedition. 


AVe  brought  back  the  rarer  forms  to  ])reserve,  and 
the  most  striking  and  beautiful  specimens  to  keep  alive 


* See  also  Mr.  Leicester’s  list  on  p.  83. 
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ill  tlie  tanks,  some  of  wliieli,  gorgeous  red  starfishes, 
spotted  sea-anemones,  and  long-legged  crabs,  were  the 
delight  of  visitors  to  tlie  Aijuariiim  dni'ing  the  next  week 
or  two. 


XoTES  ox  ORK  ])oXE  IX  THE  DISTRICT. 

As  usual  my  eompanions  and  fellow-workers  in  the 
Committee  have  kindly  supplied  me  with  lirief  reports  as 
to  their  work  in  their  own  respective  groups  of  animals 
during  the  year.  In  most  cases  these  are  merely  pre- 
liminary notices  of  work  which  will  appear  in  their  own 
future  papei's  in  our  volumes  of  the  Fauna  or  in  L.AI.B.C. 
Alemoirs. 

Mr.  I,  C.  Thompson  reports  as  follows: — 

“ As  in  previous  yeais,  Air.  Cdiadwick  has  forwarded 
to  me  for  examination  tow-net  gatherings  taken  about 
Fort  Fi  in  Bay  throughout  the  year.  In  addition  to  these 
I have  collected  material  during  several  visits  to  the 
Biological  Station.  In  last  year’s  Report  mention  was 
made  of  some  shoals  of  rare  species  of  Copepoda  taken  for 
the  first  time  in  the  L.AI.B.C.  district.  One  of  these,  the 
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species  being  Corycanis  anc/licus,  appeared  on  the  29th  of 
May,  1899.  In  the  18th  Annual  Report  of  the  Fishery 
Board  for  Scotland,  jnst  published,  Mr.  Thomas  Scott, 
F.L.S.,  reports  that  on  the  very  same  day,  May  29th, 
this  Copepod  (which  had  not  been  recorded  in  Scottish 
Seas  before  or  since  189(3)  was  taken  by  tow-net  in  the 
Clyde  in  the  vicinity  of  Ailsa  Craig.  The  cause  of  the 
sudden  migration  of  this  southern  species  in  quantity  so 
far  north  is  difficult  to  imagine.  It  has  not  been 
observed  in  our  district,  to  my  knowledge,  during  the 
present  year.  The  general  results  of  my  examinations 
seem  to  indicate  a remarkable  sameness  in  the  Plankton 
throughout  the  seasons  of  the  jesa\  During  the  early 
spring  the  nets  yielded  little  but  a profusion  of  Diatoms 
and  Nauplii.  The  Cladocera,  Eradiie  nordmauni,  and 
Fodori  intermedium  were  the  most  conspicuous  animals 
taken  in  early  summer.  Since  then,  with  the  exception 
of  a single  specimen  of  Thaumaleus  thormpsonii,  Gies- 
brecht,  new  to  the  district,  taken  on  September  8th,  and 
another  since,  on  November  18th,  in  Port  Erin  Bay,  about 
half-a-dozen  common  species  of  Copepoda  usually  formed 
almost  the  entire  bulk  of  the  material  obtained.” 

“In  a paper  by  Mr.  Andrew  Scott  and  myself,  pub- 
lished since  the  last  Annual  Report,  we  have  given  the 
following  species  new  to  the  district,  including  one  new 
to  science: — Ameira  exilu,  T.  and  A Scott;  Delaralia 
muiiica,  T.S.;  Laophonte  dentieotnF,  T.S.;  Leptopsyllua 
iriteniieduis,  T.  and  A.S.;  L.  hevdmani  (new  species),  I.C.T. 
and  A.S.;  LichomoUfus  hirsiitipes,  T.S.;  Hersiliodes  littoralis 
(T.S.);  Califjus  <pmiardi,  Kroy.;  Chondracanthus  radiatus, 
Kroy;  and  Nicothoe  astaci,  Aud.  and  M.  Edw.” 

Mr.  Andrew  Scott,  from  the  Lancashire  Sea  Fish 
Hatchery,  at  Piel,  sends  me  the  following  list  of  twenty 
additions  to  our  fauna  : — 


28 


TRANSACTIONS  LIVERPOOL  BIOLOGICAL  SOCIETY. 


Trematoda. — (Jctocotfilc  .scombri  (Kuhn),  on  gills  of 
Mackerel,  Isle-of-Man.  Ouchocotj/lr  ajypenfUciildta  (Kuhn), 
on  gills  of  Rala  hatls,  off-shore  stations. 

CuMACEA. — Eiidordlopsis  <h>formis  (Kroyer),  on  l)ottoni, 
N.W.  of  Bahama  Light  Ship.  Psriidocinna  G.  0. 

Sars,  on  bottom,  N.W.  of  fhihama  Light  Ship. 

OsTRACODA. — (difthere  pclhicida,  Baird,  in  shore  pools, 
near  Biel.  (\  porceUauece,  Brady,  in  shore  pools,  near  Piel. 
C.  (/d)h()sa,  B.  & E.,  in  shore  pools,  near  Piel. 

Branchiura. — Anfidu.s  foliaceuii  (Linn.),  on  trout  from 
the  Kibble,  sent  to  University  College  for  examination. 

CoPEPODA  (free). — Stcp]uis gyrans  (Giesbrecht),  amongst 
Laminaria,  low  tide  Barrow  channel.  Idya  minor,  T.  and 
A.  Scott,  amongst  Laminaria,  low  tide  Barrow  channel. 

CoPEPODA  (parasitic) — Bonwlochns  nolece,  Claus,  in  the 
nostrils  of  Cod,  Barrow  channel.  Caligus  minimuH,  Otto, 
inside  the  mouth  of  Bass,  Lahrax  lupus,  Barrow  channel. 
C.  spA^',  inside  the  mouth  of  Gurnard,  Trigla  gurnardus, 
Barrow  channel,  ^PseudocaUgns  hreripedes  (B.  Smith), 
inside  the  mouth  of  8 bearded  Rockling,  Onus  tricirratus, 
Barrow  channel.  Lrprophfhcirus  pollachii,  B.  Smith, 
on  the  tongue  of  Pollack,  Gad  us  pollachius,  off-shore 
stations.  Cyneus  paJlidus  (Van  Beneden),  on  the  gills 
of  Conger,  Barrow  channel.  Chondracanthus  cornitUis 
(Muller),  on  the  gills  of  Flounder,  Barrow  channel. 
C.  clavatus,  B.  Smith,  on  the  gills  of  Lemon  Sole, 
Barrow  channel.  Charopinus  dalnianni  (Retzius),  in 
the  spiracle  of  E.  hatis  and  R.  (darata,  off-shore  stations. 
Brachiidla  insidiosa,  Heller,  on  the  gills  of  the  Hake, 
off-shore  stations. 

Mr.  Scott  has  started  work  on  the  worm  parasites  of 
fishes,  and  the  two  Treinatodes  recorded  above  are  the 
first  fruits  of  his  labour.  Cythere  'pellucid a is  the 

* New  gemis.  **  Apparently  a new  species. 
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Ostracod  wliicli  lie  has  selected  as  the  subject  of  his 
L.M.B.C.  Memoir.  The  new  species  and  new  genus  of 
fish  parasites  under  Copepoda  will  be  described  in  a paper 
Avhich  Mr.  Scott  will  lay  before  the  Biological  Society 
early  next  year,  and  which  will  contain  notes  on  the  other 
forms  in  this  list. 

Mr.  Scott  has  finished  the  drawings  for  his  L.M.B.C. 
Memoir  on  the  parasitic  Copepoda,  Lerncea  hrrrnchiahs  and 
Tje'peophtheirus  pectoralis,  the  latter  being  an  external 
parasite  on  the  flounder.  He  shows  some  interesting  new 
stages  in  their  life-history,  and  has  come  upon  some 
important  points  concerning  the  injury  such  animals  may 
cause  to  fishes  when  pi’esent  in  numbers. 


Miss  L.  It.  Thornely  has  examined  an  enormous 
niimlier  of  specimens  of  Hydroid  Zoophytes,  some  dried  and 
1 some  preserved  in  spirit,  obtained  during  the  summer  on 
. dredging  expeditions  round  Port  Erin  ; and  also  many 
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(lead  shells  more  or  less  covered  with  encrusting  Polyzoa, 
with  the  following  results  : — 

Off  South  end  of  Isle  of  Man,  from  15  to  30  fathoms  : — 
Hydroio  Zoophytes. — HfidraUmania  falcafa,  Olx'lla 
(fenivulata , ().  (Uchotoma,  Jlalcciiiiii  Bcann,  II.  tnu'lhim, 

J >lphaH la  rosacea  (beautiful  colonies),  I>.  atteiniafa,  Filelhun 
serpens  (in  large  (luantities  on  stems  of  Serttilaria  ahlefhia, 
&c.),  with  among  it  '' Coppuua  arcta"  of  which  Professor 
Nutting  has  recently  given  us  the  history.* 

Calycella  sifrlnf/a,  Clytia  jolnistoiii  (beautiful  colonies 
with  gonothecae),  OperealareUa  lacerafa,  Boi(yai)irillla 
)inisciis,  Bimeria  restlta,  Campanularia  hinclisli,  C.  voltiJ)lUs, 

C.  rertlciJlata,  Serttilaria  ahietiiia,  S.  arjentea,  S.  opercnlafa 
Serf ularella  poly zonias,  S.  tenella,  Lafoea  diiiiiosa,  L.  fniticosa, 
Fjudendrltnn  capdlare,  Aiiteini idaria  raiiiosa,  Phnnnlaria 
cathariiia,  P.  setacea,  CiispldeUa  eostata. 

Polyzoa. — Cellepora,  aricidaris,  C.  costazil,  C.  diehotoma,  ^ 
Fdicratea  chelata,  Bieellaria  riliata,  Beattia  mirahilis,  Scnipo-  • 
eellaria  reptaiis,  S.  seraposa,  PedlceUina  eernaa,  P.  gracUis,  ^ 
Crlsia  ehtmtea,  C.  deiitieidafa,  Memhranipora  pilosa,  M.  cate-  ' 
nidaria,  Idmonea  serpens,  Cellaria  fisttdosa,  Liehenopora 
hispida,  Chorizopora  hroiigulartil,  Boirerhanida  imhrieata,  ' 
BusJxia  nitens,  Cylitidroecium  ptisillum,  Stomatoporajohnstonl,  . 
Adtea  recta,  Ad.  angnina,  PoreJhi  eonclnna,  Valkeria  ava.  j 
The  Zoophytes  and  Polyzoa  of  the  preceding  lists  are  | 
in  some  cases  crowded  upon  one  another  in  wonderful  i 
profusion.  (3n  one  piece  of  llydralhnania  faleata,  5 inches  I 
in  height,  were  14  other  species  helonging  to  13  genera, 
and  on  one  little  piece  of  Sertidarla  argentea  only  two  inches 
in  height,  were  12  other  species  representing  no  less  than 
12  genera,  5 of  them  Hydroids,  and  7 Polyzoa. 

Y'  Hydroida  from  Alaska  and  Puget  Sound,  1899,  ending  by 
establishing  it,  as  not  an  independent  liydroid  species,  but  as  the 
gonosome  of  species  of  Lafoeidae — in  this  case,  therefore,  probably,  of 
Filellum  serpens. 
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I On  dead  shells  (mostly  Pectanculus  glycimeyis)  trawled 
at  6 miles  S.E.  of  of  Calf  Island,  30  fathoms,  on  September 
i 13th,  were  found  the  following  Polyzoa — 

I Schizopordla  linearis,  S.  unicornis,  S.  anricnlata, 
]\fiicronella.  peachii,  J\L  renfricosa,  M.  variolosa,  Hippofhoa 
tiagelluin,  Mmihirotipora  ratenularia,  M.  jieniingii,  M. 
(linnerilii,  M.  craticiila,  M,  imhellis,  M.  pilosa,  M.  mcm- 
hranacea,  Sniittia  reticnlata,  S.  trispinosn,  S.  cheilostoma, 
Microporelki  ciliafa,  M.  malnsii,  Diastopom  ohelia,  J>.  snhor- 
hicnlaris,  Stomatopora  johnstoni,  S.  major,  S.  expansa, 
Lichenopora  hispida,  Chorizopora  hrongniartii,  Actea  recta, 
Idmonea  serpens,  Flnstra  foliaeea,  Bngula  aricnlaris, 
Cellepora  avicidaris,  C.  diehotoma,  C.  arinata,Crisia  ramosa, 
C.  ehurnea,  Tiihidipo)‘a  lohnlata. 

Mr.  A.  ().  AValker  sends  me  the  following  “ Jleport 
on  the  Higher  Crustacea  from  the  Biological  Station, 
Port  Erin,  received  September  2()th,  1900  ” : — 

“ The  above  were  contained  in  four  bottles,  of  which 
the  two  containing  species  new  to  the  District  were  those 
from  (1)  the  dredgings  of  September  13th,  1900,  from 
6 m.  S.AV.  of  Calf  of  Man,  in  20  to  -U)  fathoms,  and  (2) 
from  low  tide  at  Calf  of  Alan,  on  September  11th.  Of 
the  four  species  in  the  first  bottle,  two  have  not  been 
previously  recorded,  viz.,  Guathia,  dentata,  Sars,  two 
females,  and  one  fine  specimen  of  Iphimedia  eblanee.  Bate, 
d’he  former  of  these  has  not  to  my  knowledge  been  pre- 
viously recorded  in  British  waters,  and  in  spite  of  its 
agreeing  exactly  with  O.  ().  Sars’  excellent  figure  in  the 
Isopoda  of  Aorway,  I have  considerable  hesitation  in 
recording  it  in  the  absence  of  the  male. 

Among  Professor  Herdman's  tow-nettings  after  dark 
in  Poi't  Erin  Bay  the  only  s])ecies  calling  for  remark  is 
Schistomysis  spiritus  (Aorman),  which  has  only  been 
[recorded  before  from  Puffin  Island.  This  night-gathering 
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consisted  cliiefly  of  Siriella  noroef/ica  (Sars),  mostly 
young;  and  Macromysis  inermis  (Ratlike)  among 
Scliizopoda;  and  of  Apherusa  hispinosa  (Bate)  and 
Paratyln,  swammenhnnii  (M.  Kdw)  among  Amphipoda. 
The  total  number  of  species  was  19.  Of  these  six  were 
Podophthalmata,  one  Cumacean,  two  T,sopoda,  and  ten 
Anipliipoda,  all  previously  reooi'ded. 

A tim'd  bottle  eoiitained  Chelura  icrehvanx,  Philip|,i, 
from  the  wooden  piles  of  Pamsey  Pier. 

The  fourth  contained  Amphipoda,  A-c.,  from  Calf  of 
Man,  collected  at  low  spring  tide  on  September  11th. 
The  most  abundant  species  in  this  were  Atem.thoe 
(Bate),  and  (l>„,Ue.rn.)  mrieyaU, 

(Bate  and  AMestwood).  [See  “Trans.  L'pool  Biological 
Society/’  Vol.  IX.,  page  315.] 


r retain  the  generic  name  .Taum,  of  Leach,  1816,  in 
place  of  Stebliing,  as  I fail  to  see  why  it  should 

be  displaced  by  a genus  of  fossil  fish  founded  in  1889. 
I’he  bottle  also  contained  several  Idoteas  too  young  to  be 
identified  with  certainty,  and  a few  specimens  of 
Jam.ropns  hreviremis,  Sars.  This  species  has  not  been 
previously  recorded  from  Liverpool  Bay,  nor  indeed  from 
British  waters,  except  a single  female  taken  by  me 
between  tide  marks  in  Yalentia  Harbour,  Ireland.  It  is 
easdy  mistaken  for  young  Jriii/m  maculosa,  Leach,  from 
which  it  may  be  distinguished  by  the  different  form  of 
the  operculum  of  the  male  and  the  much  broader  palp  of 
the  maxillipedes. 


This  bottle  also  contained  five  or  six  Pycnogonida, 
nhich  Mr.  G-.  H.  Carpenter,  who  has  kindly  examined 
one,  considers  to  be  young  specimens  of  Anoplodactylus 
tircsccns  (Hodge).  Two  were  still  in  the  hexapod  state, 
and  a male  had  the  false  feet  five-jointed  as  in 
lho.nchh,hnm,  instead  of  six-jointed  as  in  adult 
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Anoplodactyhis,  whicli  Mr.  G.  H.  Carpenter  considers  as 
a condition  of  immatnrity.  The  anxiliarv  claws  of  the 
tarsi  were  rudimentary.” 


Bringing  in  the  Dredge. 


Mr.  A.  Leicester  examined  the  Mollusca  and  dredge 
refuse  obtained  on  our  dredging  expedition  of  September 
13tb.  He  reports  to  me  that  the  best  species  found  were  : — 
Six  miles  W.S.W.  of  Calf,  26  fathoms 
Pecten  testae,  P.  tigrinus,  Adis  gidsoncE,  Eulimahilineata, 
Mga  hinghami,  Lima  elliptica,  Rissoa  striata,  Pi.  jjarva,  B. 
reticulata,  Odostomia  spiralis,  Cydostrema  niteus,  C.  ser- 
puloides,  Lepton  nitidum,  Modiolaria  marmorata. 

One  mile  S.E.  of  Calf  Sound,  22  fathoms : — 

Defrancia  linearis,  Lima  loscomhii,  Cardium  nodosum, 
Phasianella  pullus,  Trochus  tumulus,  Modiolaria  marmorata. 
Mr.  L.  St.  George  Byne  and  Mr.  Leicester  spent  a 
' considerable  amount  of  time  at  Port  Erin  in  studying  the 
local  Mollusca.  I take  the  following  passages  from  a 
letter  written  by  Mr.  Leicester : — The  most  interesting 
discovery  was  perhaps  Lascea  rubra.  We  have  only 
found  a few  odd  ones  (dredged)  until  this  occasion,  when 
■ on  the  rocks  near  the  Biological  Station  we  found  it  in 
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(quantity  in  side  old  Bnlnmu^  shells.  We  devoted  some 
lime  to  lAitoriua  rudis  and  its  varieties  of  which  we  took 
a ^ood  many,  particularly  var.  gJohosa.  Then  the  vai\ 

cl  era  t a of  Fat  ell  a vulgata  is  very  abundant  at  Port  St. 
Mary.  We  also  took  the  var.  eoeruleci  at  the  Calf  Sound. 
At  Fleshwich  we  found  Patella  athletica  and  H el  cion 
Icevis  in  good  numbers  ; but  it  is  strange  we  could  not  find 
Trochus  helicinus,  and  Lacuna  divaricata,  which  I took 
there  some  years  ago  in  quantity. 

Messrs.  Leicester  and  Byne  have  drawn  up  a paper 
on  the  Mollusca  round  the  south  end  of  the  Isle-of-Man, 
which  will  probably  be  published  soon. 

In  addition  to  the  above  reports,  I may  state  that — 

(1)  Mr.  T.  S.  Lea  has  continued  on  two  occasions  in 

mid -winter  and  mid-summer  his  interesting  work  in 
photographing  marked  areas  of  rock  in  the  littoral  zone’ 
in  order  to  compare  their  condition  from  year  to  year  and‘ 
at  different  seasons.  These  faunistic  photographs  have; 
been  exhibited  as  lantern  slides  to  the  Biological  Society 
by  Mr.  Lea.  ; 

(2)  Mr.  F.  J.  Cole,  during  a month’s  work  at  Easter,' 
continued  his  studies  on  the  budding  and  growth  of  the 
colony  in  compound  Ascidians  commenced  the  previous 
year.  He  also  devoted  some  time  to  the  collection  and^ 
preservation  of  material  for  his  L.M.B.C.  Memoir  oir 
Sac/itta,  the  Arrow-worm.  Now  that  we  are  specials 
looking  for  Sagitta,  we  find  that  it  is  remarkably  variable 
in  its  appearances  and  disappearances,  being  sometimes 
very  abundant  everywhere  (we  have  had  a record  lately! 
of  90  specimens  in  one  haul),  and  at  other  times  apparently! 
absent  both  in  surface  and  bottom  waters  for  days  at| 
a time.  Sometimes  it  is  to  be  found  by  sinking  the  tow-| 
net  when  none  are  present  on  the  surface,  and  during 
some  night  tow-nettings  which  I took  in  September  I 
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found  it  was  sometimes  captured  in  the  dark  when  w^e 
bad  failed  to  obtain  any  during  the  daytime.  We  also 
found  in  these  night  tow-nettings  a few  specimens  of  the 
[•losely  allied  genus  S'padella. 

(3)  Mr.  E.  T.  Browne,  during  a considerable  stay  in 
September  and  October,  collected  and  studied  the  Medusae 
li  the  Bay.  He  took  regular  tow-nettings,  and  made 
:’areful  water-colour  drawings  of  his  material.  Although 
the  season  was  not  a good  one  for  Medusae,  and  the  hauls 
were  often  day  after  day  disappointing,  still  Mr.  Browne 
3btained  some  new  forms  and  stages  to  figure,  which  will 
loubtless  appear  in  his  forthcoming  work  on  the  subject. 

(4)  Mr.  H.  Yates,  of  Manchester,  has  done  some  work 
on  Polychaete  worms;  Mr.  C.  E.  Jones,  formerly  of 
Liverpool,  now  moved  to  the  Royal  College  of  Science, 
South  Kensington,  studied  sea-weeds  in  J une ; and  on 
various  visits  I have  collected  and  identified  Tunicata  of 
various  kinds. 

During  the  couple  of  weeks  that  I spent  at  Port  Erin 
in  September,  disappointed  in  the  scarcity  of  plankton  ” 
during  the  day,  and  wishing  to  help  Mr.  Cole  with 
material  for  his  Memoir  on  Sagitta — the  Arrow-worm — 
and  remembering  moreover  the  tremendous  quantities 
obtained  outside  the  bay  in  the  bottom  nets  on  a former 
occasion  (in  January,  1899),  I went  out  in  the  Shellbend 
after  dark,  and  took  to’w-nettings  across  the  mouth 
of  the  bay.  I did  get  a few  more  Sagitta  by 
; that  method,  but  no  great  abundance ; and  I also  got  a 
few  specimens  of  the  curious  allied  form  S'padella. 
But  the  most  noteworthy  result  of  these  night  tow- 
nettings  was  the  greatly  increased  number  of  Crustacea 
obtained.  Mr.  A.  0.  Walker  tells  me  of  no  less  than 
j nineteen  different  species  of  higher  Crustacea  in  one  of 
Jiese  hauls,  several  of  them  being  rare  forms.  It  is 
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(‘Ulious  to  notice  how  the  difference  between  day  and 
night  affects  some  gioups  of  animals  in  the  sea  and  does 
not  affect  others.  Mr.  Browne  tells  me  it  makes  no 
difference  to  his  Medusie.  It  certainly  makes  a mai-ked 
difference  in  the  Crustacea,  which  gives  the  night  tow- 
netting a characteristic  appearance. 


Scientific  Meeting  at  Port  Erin.  j 

On  Saturday,  15th  September,  1900,  the  Isle-of-Man 
Natural  History  and  Antiquarian  Society  held  a meeting 
at  Port  Erin,  in  the  Biological  Station.  The  President,  | 
Hr.  llichardson,  the  Secretary,  51r.  P.  M.  C.  Kermode,  | 
and  a number  of  members  of  the  Society  attended.  Our  | 
Committee  was  represented  by  the  Hon.  Treasurer,  the  ' 
Hirectoi',  tlu'  Cui-ator,  and  Mr.  Kermode.  Several 
woikers  in  the  Station  at  the  time  were  present,  andj|j 
some  of  the  ])eople  of  Port  Erin,  so  in  all  a good  ]|| 
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attendance  was  secured.  The  Society  arrived  about  mid- 
day, and  after  hmcheon  at  the  Bellevue  Hotel  the  party 
assembled  in  the  Biological  Station,  where  the  Director, 
addressing  the  President,  welcomed  his  party  on  behalf 
of  the  L.M.B.C.,  reminded  them  of  the  objects  of  the 
institution,  and  pointed  out  briefly  the  connection 
betAveen  the  work  carried  out  there  and  the  iiiA^estigation 
and  conseiwation  of  the  Manx  fishing  industries.  The 
President  then  replied  in  the  name  of  his  Society,  thanked 
the  L.M.B.O.  for  their  hospitality,  and  urged  that  the 
attention  of  the  Insular  (Government  should  be  drawn  to 
the  fact  that  the  recommendation  of  the  Industries  Com- 
mission that  a connection  should  be  established  between 
I the  CrOA^ernment  and  the  Port  Erin  Biological  Station 
had  not  yet  been  carried  out.  He  then  called  upon  Mr. 
Isaac  C.  Thompson,  who  had  consented  to  delHer  the 
[address  on  this  occasion.  Mr.  Thompson’s  subject  was, 

I The  Place  of  Copepoda  in  Nature.” 

The  lecture  proved  of  deep  interest,  and  also  conveyed — 
illustrated,  as  it  was,  by  wall  diagrams  and  by  specimens 
under  microscopes  in  the  laboratory — a large  amount  of 
information  as  to  the  nature  of  the  Copepoda,  their  place 
in  the  animal  kingdom  and  their  utility  and  importance 
to  man.  As  reported  in  ” Nature”  (September  20th,  p.  498), 
the  lecturer  “pointed  out  that  the  Copepoda  are  of  the 
utmost  A’alue  as  scavengers,  as  they  liA’e  on  the  jiroducts  of 
decomposition,  putrefaction,  drainage  matter,  &c.,  and  by 
their  internal  laboratories  convert  refuse  matter  into  most 
I valuable  food  material,  some  Copepoda  constituting  one 
I of  the  chief  sources  of  food  for  some  fishes,  and  so  of  man. 
Mr.  Thompson  said  that  no  less  than  200  species  have 
noAv  been  found  in  Liverpool  Bay.  Their  beautiful 
organisation  illustrates  the  truth  that  the  wonderful 
structure  of  some  animals  which  can  only  be  studied  witli 
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the  microscope  shows  them  io  he  as  full  of  intei'esi  a;'^ 
those  familiar  to  our  ordinary  vision.  Besides  tlie  man\ 
free-swimming  Copepods,  there  are  also  many  species 
found  as  fish  parasites,  living  on  the  gills  and  on  other 
external  parts  of  our  common  fishes  ; some  of  these  are 
nourished  hy  the  fish  and  do  harm,  while  others  do  not, 
their  presence  being  probably  rather  an  advantage  than 
otherwise.”  Mr.  Thompson  was  cordially  thanked  for 
his  address,  and  then  the  formal  meeting  broke  up,  and 
the  visitors  were  taken  in  parties  round  the  laboratory 
and  aquarium  to  see  the  animals  in  the  tanks  and  the 
specimens  under  microscopes. 

We  were  glad  on  this  occasion  to  Avelcome  to  Port  ' 
Erin  the  Itev.  E.  H.  Ivempson,  the  new  Principal  of  King 
AVilliam  College,  who  expressed  a desire  that  the  boys 
of  the  School  might  have  some  opportunities  of  visiting  j 
the  Biological  Station.  That  we  readily  arranged  for,’ 
and  a few  weeks  later  Mr.  Kempson  brought  over  from. 


Outside  of  Biological  Station. 
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Castletown  a partv  consisting  of  Mr.  Cartwright,  the 
Science  Master,  and  a set  of  boys.  Our  Curator  took  them 
round  the  Aquarium  and  Laboratory,  and  demonstrated 
specimens  to  them  under  the  microscope.  The  meeting 
was,  I believe,  a success,  and  will  probably  be  repeated. 

’ On  occasions  like  the  meetings  referred  to  above,  and 
also  on  days  when  a number  of  visitors  come  togethei 
to  the  Aquarium,  and  it  is  obviously  impossible  for  the 
Curator  to  explain  the  animals  in  each  tank  to  every 
visitor,  we  have  often  felt  the  need  of  a short  simply- 
worded  printed  description,  giving  the  names  and  leading 
characteristics  of  the  chief  animals  in  the  tanks.  This 
has  led  to  the  decision  that  we  should  issue  a short 

GtUIDE  to  the  Aquarie^m. 

Coiisequentlv  I am  now  drawing  up  an  account  which  will 
be  appended  to  a future  Report  for  the  benefit  of  our 
subscribers  and  correspondents,  and  will  be  sold  by  the 
Curator  to  Aquarium  visitors  at  the  nominal  price  of 
one  penny.  The  illustrations,  which  will  form  a useful 
and  pleasing  addition,  are,  for  the  most  part,^  being 
prepared  from  careful  drawings  made  by  our  Curator, 
Mr.  Chadwick. 

Distributional  Charts. 

(See  Plates  I.  to  VII.) 

The  idea  of  showing  on  charts  the  distribution  of  the 
various  groups  of  animals  in  Port  Erin  Bay  is  one  that 
has  been  before  the  Committee  from  the  beginning.  The 
practical  carrying  out  of  this  idea  was  commenced  by 
myself  in  1885,  when  I spent  five  weeks  in  July  and 
August  in  exploring  the  neighbourhood,  and  in  making 
collections  by  dredging,  tow-netting  and  shore  work.  I 
marked  at  that  time  all  my  species  on  a chart,  but  came 
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to  the  conclusion  in  the  end  that  it  was  still  much  too 
incomplete  to  publish,  so  in  my  paper  entitled  “iVoies  on 
the  Marine  Invertebrate  Fauna  of  the  Southern  Jhid  of 
the  Isle-of-Man,’’  which  appeared  in  the  hrst  volume  of 
our  “Fauna”  in  188b,  1 contented  myself  with  giving  a 
sketch  of  the  physical  features  of  the  neighbourhood,  and 
of  the  special  faunas  of  the  diiferent  regions,  and  then 
entered  opposite  the  species  in  the  list  such  localities  as 
off  Port  Erin,”  “ Shore  I3ay-ny-Carrickey,”  “ off  Spanish 
Head,”  “ Shorepools  Kitterland,”  &c.  That  list  contained 
olb  species,  the  number  of  species  we  now  have  recorded 
from  the  south  end  of  the  Isle-of-Man  is  over  2,000. 

Since  the  establishment  of  the  Biological  Station  at 
1 ort  Erin  in  1893,  the  preparation  of  these  distributional 
charts  has  engaged  our  attention  from  time  to  time,  and 
several  have  been  started  but  never  completed.  One  ’ 
prepared  by  Mr.  J . H.  Yanstone,  Avhen  Curator,  has  hung  ‘ 
for  years  on  the  back  of  the  Laborator}^  door,  and  has  \ 
been  added  to  from  time  to  time. 

I have  recently  got  Mr.  Chadwick  to  bring  together  ' 
the  work  of  his  predecessors  and  of  the  members  of  the  ' 
Committee,  as  recorded  in  our  successive  rejiorts,  and  to 
express  it  in  graphic  form  on  the  charts.  I have  added  . 
such  additional  records  as  1 could  from  my  own  \ 
experience,  and  Mr.  Thompson,  Mr.  Chadwick  and^I  have  | 
carefully  examined  and  criticised  the  result,  as  shown  in  ' 
Plates  I.-\II.  I may  say  that  although  we  are  confident  | 
of  the  substantial  accuracy  of  all  the  records  on  these 
charts,  we  are  painfully  conscious  of  the  many  omissions, 
and  of  the  incompleteness  of  the  faunistic  exposition. 
However,  I have  come  to  the  conclusion  that  the  only 
way  of  obtaining  a more  adequate  record  is  to  issue  these 
incomplete  charts  in  the  belief  that  they  will  act  as  a 
stimulus,  and  that  our  students  and  specialists  at  the 
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Station  during  the  next  few  seasons  will  take  a salutary 
pride  in  demonstrating  our  omissions,  and  so  gradually 
till  up  the  gaps  in  our  present  knowledge  of  the  popula- 
tion of  the  sea-bottom. 

We  submit  then  for  criticism  and  completion  : — 

1.  A chart  of  the  south-west  corner  of  the  Isle-of- 
Man,  the  wider  area  in  which  we  often  dredge  from  Port 
Erin  in  rowing  and  sailing  boats.  This  extends  from 
Eleshwich  Bay  on  the  north  to  Spanish  Head  on  the  south, 
and  takes  in  the  Calf  Sound  and  the  rich  dredging  ground 
olf  Bay  Eine  and  Half-way  Hock.  This  chart  is  on  a 
smaller  scale  than  those  that  follow,  about  inch  to  the 
mile.  The  numbers  refer  to  the  names  of  the  species 
in  the  list  given  in  the  explanation  of  this  Plate  I. 

2.  A series  of  six  charts  of  the  more  restricted  area 
of  Port  Erin  Bay,  on  a larger  scale,  about  7 inch  to  the 
mile.  The  first  of  these  (PI.  II.)  shows  the  Physical 
features,  the  soundings,  and  the  nature  of  the  bottom. 
In  this,  as  well  as  in  the  following  five  charts,  we  have 
inserted  the  principal  contours  of  depth,  and  also  a series 
of  magnetic  north  and  south  and  east  and  west  lines 
dividing  the  area  into  twenty  squares,  each  measuring 
about  700  feet  to  the  side.  The  positions  of  the  lines 
are  determined  by  prominent  objects  on  the  shore,  which 
we  believe  will  be  easily  recognised,  and  as  the  vertical 
and  horizontal  columns  are  lettered  and  numbered,  we 
think  that  anyone  with  a little  practice,  when  boating  in 
the  bay,  will  be  able  to  determine  in  most  cases  what 
square  he  is  in.  The  squares  should  be  quoted  by  letter 
and  numeral,  and  will  soon  become  familiar  to  workers  at 
the  Station.  For  example,  the  Station  itself  lies  opposite 
square  A. 2,  the  Traie  Maenagh  swimming  bath  is  in 
A.1,  the  small  boat  jetty  in  B.3,  and  the  buoy 
at  the  entrance  to  the  bay  is  at  the  junction  of  four 
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s(]uares.  The  remaining’  five  charts  (Plates 
(teal  each  with  one  or  inoie  «*rou])s  of  animals,  and  re(iiiir(' 
no  further  explanation — each  has  an  explanatory  ac(*oin- 
panying  list  (see  p.  52). 

A “ Census  ” of  the  Sea. 

I have  referred  above  to  these  charts  in  connection 
with  our  “ knowledge  of  the  population  of  the  sea- 
bottom.”  This  work,  so  far  as  the  L.M.B.C.  is 
concerned,  is  an  investigation  in  pure  Zoology  under- 
taken with  no  ulterior  economic  motives,  but  it  is  also 
clearly  a first  contribution  towards  that  detailed  investi- 
gation of  the  sea-bottom  over  the  whole  of  the  Irish  Sea 
which  I have  recently  pressed  upon  the  attention  of  the 
Lancashire  Sea-Fisheries  Committee  and  of  the  Fisheries 
Department  of  the  Board  of  Trade,  as  being  at  the  present 
time  of  primary  importance  to  us  as  a nation  interested  ; 
in  great  fishing  industries.  The  Fisheiy  Statistics  collected  : 
and  published  at  present  by  the  Board  of  Trade  are,  I , 
contend,  inadequate.  They  do  not  give  us  the  informa-  ' 
tion  we  require.  The  system  does  not  seem  to  be  designed 
so  as  to  realise  and  tackle  the  problem  which  ought  to  be 
tackled.  AVhat  we  must  aim  at  ascertaining  is  not  what  ; 
a fisherman  catches,  but  what  there  is  for  him  to  catch.  { 
We  must  in  fact  get  series  of  accurate  observations  which  | 
will  give  us  fair  samples  of  the  populations  of  the  sea  on  1 
the  different  grounds  at  the  different  seasons.  ! 

I have  spoken  of  this  in  brief  as  aiming  at  taking  an 
approximate  ” census  ” of  the  sea,  but  that,  of  course,  is 
too  ambitious  a word,  and  indicates  an  exactness  to  which 
we  probably  could  never  hope  to  attain.  Still  the  word 
serves  to  remind  us  of  our  approximate  aim,  and  if  we  can 
even  determine  the  numbers  of  a species  on  an  area 
between  wide  limits,  it  will  be  of  great  importance.  The 
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investigation  is,  of  course,  beset  with  difficulties,  but  they 
are  not  insuperable.  One  great  difficulty  is  to  determine 
to  udiat  extent  we  can  safely  draw  conclusions  from  our 
observations. 

It  may  lielp  to  realise  tlie  problem  if  I take 
a liomely  illustration  and  liken  the  investigation  to 
the  case  of  an  aeronaut  in  a balloon  trawling  along  the 
streets  of  Liverpool  through  a thick  fog.  We  may 
suppose  that  a drag  in  the  neighbourhood  of  University 
College  would  yield  some  students — ^male  and  female — 
and  a professor ; one  somewhere  about  the  docks  would 
doubtless  capture  some  sailors,  dock  labourers,  and  a 
stevedore  or  two,  wdiile  a lucky  shot  opposite  the  Town 
Hall  might  bring  up  a policeman,  an  electric  car,  and  a 
couple  of  Aldermen.  Now,  if  such  experiences  were 
repeated  over  and  over  again,  would  the  con- 
clusions that  might  naturally  be  drawn  by  the 
intelligent  aeronaut  as  to  the  relations  between 
organisms  and  environment  in  Liverpool  be  correct  ? The 
observed  association  of  students  with  a professor,  and  of 
both  with  a college,  would  be  justifiable.  It  would  be 
correct  to  conclude  that  sailors,  dock  labourers  and  steve- 
dores frequent  the  docks,  and  that  Aldermen  have  some 
connection  with  a Town  Hall ; but  the  fact  that  electric 
cars  are  also  abundant  in  front  of  the  Town  Hall  is  non- 
essential,  and  any  conclusion  such  as  that  Aldermen  and 
electric  cars  are  usually  associated  with  the  same  habitat, 
and  are  in  any  way  inter-dependent,  would  be  erroneous. 

AVe  can  imagine  many  other  cases  of  this  kind  where 
a])pearances  might  at  first  be  deceptive,  and  false 
infeiences  might  be  drawn  from  observed  facts.  On  the 
other  hand,  some  true  conclusions  would  be  clearly  indi- 
cated ; and  I do  not  doubt  that  it  is  much  the  same  in 
our  investigations  as  to  the  condition  and  population  of 
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the  sea-bottom.  It  is  probable,  moreover,  that  the  false 
inferences  would  be  corrected  by  the  accumulation  of  a 
g’reater  number  of  statistics.  It  mi^ht  be  made  out  fi'om 
further  observations  that  electric  cars  are  liabh'  to  become 
massed  in  various  parts  of  the  town,  and  have  no  necessary 
connection  with  Aldermen,  and  that  policemen  are  widely 
but  sporadically  distiibuted.  4'he  more  numerous  our 
observations,  the  more  oui*  statistics  accumulate,  the  less 
chance  is  there  of  erroneous  conclusions. 

My  contention,  then,  is  that  such  an  investigation  of 
our  seas  must  be  made,  that  it  is  urgent  and  should  be 
made  now,  and  that  the  Irish  Sea  is  favourably  situated 
and  circumstanced  at  present  to  be  made  a test  case  before 
undertaking  the  much  wider  and  still  more  difficult 
expanse  of  the  Aortli  Sea,  complicated  by  International 
questions.  The  Irish  Sea  is  of  moderate  and  manageable 
dimensions.  It  is  all  bounded  b}'  British  territory  and  by 
sea  tislieries  authorities  who  might  be  got  to  agree  as  to 
their  regulations.  It  is  a “self-contained”  fish  area,  con- 
taining spawning  banks,  feeding  grounds  and  “nurseries.” 
It  has  several  marine  laboratories  on  its  borders  which 
would  form  centres  for  investigation,  and  it  is  controlled 
bv  two  or  three  powerful  Sea-Fisheries  Committees, 
provided  with  excellent  steamers,  which  might  combine  in 
the  work.  All  that  is  required,  beyond  a carefully  con- 
sidered scheme  of  work,  is  authority  from  the  Government 
to  the  local  Committees  to  carry  out  such  work,  and  a 
subsidy  for  say  five  years  to  meet  the  increased  expense. 

The  Select  Committee  of  the  House  of  Commons, 
which  considered  the  Undersized  Fish  Bill  last  summer, 
clearly  recognised  in  their  report  the  need  of  such  a 
scheme  of  investigations,  and  they  recommended  that  a 
Government  Department  should  be  equipped  to  carry  it 
out.  I am  of  opinion  that  the  matter  would  be  better 
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entrusted,  as  I have  indicated  above,  to  the  local  Sea- 
Fisheries  Committees. 

In  addition  to  the  investigation  of  the  bottom  by 
dredging  and  trawling,  the  plankton  in  the  surface  and 
other  waters  would  require  periodic  examination.  We 
have  discussed  this  fully  during  the  past  summer,  both  at 
Port  l^hin  and  Liverpool,  and  have  had  the  advantage  of 
hearing  the  opinion  of  Mr.  E.  T.  Prowne,  who  has  had 


much  experience  of  late  years  in  plankton  work.  In 
order  to  get  an  adequate  idea  of  the  distribution  of  the 
minute  floating  organisms  of  our  seas,  we  should  certainly 
require  to  have  weekly  observations  (or  possibly  even 
twice  a week)  taken,  at  both  surface  and  bottom,  at 
certain  specified  stations  round  the  coast,  of  which  we 
should  recognise  four  as  being  necessary  in  the  Irish  Sea, 
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and  about  15  round  the  whole  British  Coast.  We  are 
willing  to  play  our  part  in  any  such  general  scheme,  but 
in  the  meantime  we  are  going  on  with  the  work  in  oui 
own  district.  Mr.  Idiompson,  Mr.  Scott,  i\lr.  (diadwick 
and  Mr.  Ascroft  are  all  at  work,  and  we  have  drawn  up 
and  agreed  upon  a common  list  of  j)elagic  organisms  the 
occurrences  of  which  in  the  various  parts  of  our  district 
will  be  periodically  registered. 

L.M.B.C.  Memoirs  and  other  Pcblications. 

After  a rather  longer  interval  than  usual  the  5th 
volume  of  our  “Fauna  and  Flora  of  Liverpool  l^ay  ” has 
been  issued  this  winter.  It  contains  reprints  of  the 
L.M.ILC.  papers  and  reports  since  1(S95,  the  date  of 
])ublication  of  Yol.  lY. 

A new  recruit  to  our  band  of  workers,  Mr.  Herbert 
C.  llobinson,  who  has  recently  joined  the  staff  of  the 
Zoological  Department  of  University  College  as 
“ Honorary  liesearch  Assistant,”  has  undertaken  to  pre- 
pare for  our  “Fauna”  a report  upon  the  Marine  Birds 
of  the  District.  This  will  be  ready  for  publication  early 
in  1901,  and  Mr.  Ilobinson  has  supplied  me  with  the 
following  note  in  regard  to  it ; — 

‘‘  Defining  ‘ Sea  and  Shore  Birds  ’ in  the  most  liberal 
sense,  the  L.M.B.C.  area  may  be  said  to  harbour  some 
SO  to  100  species,  of  which,  however,  a very  considerable 
proportion  are  of  purely  accidental  occurrence.  It  is 
proposed  to  compile  a list  of  those  species  which  can  in 
any  sense  be  termed  littoral  or  marine,  which  as  far  as  is 
known  have  occurred  in  the  district  during  the  present 
century,  whether  as  occasional  visitors,  on  migration,  or 
as  residents.  To  each  order  will  be  prefixed  a simple  key, 
which  it  is  hoped  will  render  it  possible  to  identify  any 
species  which  is  at  all  likely  to  be  met  with,  whilst  short 
descriptions  of  the  various  plumages  and  records  of 
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localities  will  be  given  under  the  head  of  each  species. 
A bibliography  of  works  bearing  on  the  subject  will 
be  added  in  conclusion.  From  the  nature  of  the  subject 
the  report  can  be  nothing  more  than  the  merest  compila- 
tion, but  it  is  hoped  that  it  may  be  of  service  as  con- 
centrating information  which  is  at  present  somewhat 
scattered.” 

It  will  be  remembered  that  the  scheme  of  preparing 
and  publishing  a series  of  L.M.B.C.  Memoirs  on  single 
marine  animals  or  plants,  written  by  specialists,  was 
started  about  a year  ago  ; and  in  last  year’s  Report  the 
issue  of  the  first  Memoir,  that  on  Ascidia,  was  duly 
noticed.  We  also  recorded  there  the  kind  donations  of 
Mr.  F.  H.  Grossage,  which  had  made  the  publication  of 
the  Memoirs  possible,  and  had  met  the  expense  of  the 
preparation  of  good  plates  to  illustrate  the  series.  I am 
o-lad  to  be  able  now  to  announce  that  Mrs.  Holt  has 
lately  sent  me  a cheque  for  F50,  to  be  applied  to  the 
publication  of  further  Memoirs.  These  kind  gifts  from 
both  Mr.  Gossage  and  Mrs.  Holt  have  been  a most  effective 
help,  and  are  appreciated  by  the  Committee  as  a very 
Avelcome  encouragement. 

Four  Memoirs  have  now  been  issued,  of  which  three 


are  Zoological  and  one  Botanical,  viz.  : — 

Memoir  I.  Ascidia,  by  Professor  W.  A.  Herdman — 
published  in  October,  1899,  with  60  pp. 
and  five  plates. 


,,  II.  Cardium,  by  Mr.  James  Johnstone — pub- 
lished in  December,  1899,  with  92  pp., 
six  plates  and  a map. 

,,  III.  Echinus,  by  Mr.  H.  C.  Chadwick — published 
in  February,  1900,  with  36  pp.  and  five 
plates. 

,,  IT.  CoDiUM,  by  Professor  Harvey  Gribson  and 
Miss  H.  P.  Auld — published  in  April, 
1900,  with  26  pp.  and  three  plates. 
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The  next  two  Memoirs,  'No.  Y.,  Alcyonium,  by 
Professor  Hickson,  and  No.  YI.,  on  the  Fish  Parasites 
Lern,t:a  and  Lerkophtiteirus,  by  Mr.  Andrew  Scott,  are 
now  in  the  printer’s  hands,  and  will  he  ready  for  distribu- 
tion in  a few  weeks.  Lineus,  by  Mr.  R.  C.  Pnnnett,  will 
probably  be  out  early  in  1901.  Others,  such  as  the 
Oa'STER,  Sagitta,  and  the  Plaice  are  in  preparation. 

In  order  to  meet  the  wishes  of  the  bookselling  trade, 
the  L.M.lkC.  have  decided  to  place  the  sale  of  their 
Memoirs  in  future  in  the  hands  of  a well-known  firm  of 
scientific  publishers,  and  they  have  made  arrangements 
to  this  effect  with  Messrs.  Williams  A Norgate.  This 
arrangement,  however,  is  only  in  regard  to  the  sale  of  the 
volumes,  and  does  not  relieve  the  L.M.B.C.  of  any 
I'esponsibility  either  scientific  or  financial. 

The  production  of  the  Memoirs  will  still  take  place 
in  Liverpool,  under  the  editorship  and  control  of  the  ■' 
officers  of  the  (Committee,  Messrs.  Williams  & Norgate  ; 
merely  acting  as  agents  for  the  distribution  and  sale  of 
the  books.  Any  of  the  other  L.M.B.C.  volumes  or  reports 
can  also  be  obtained  through  Messrs.  Williams  & Norgate.  1 
The  complete  list  of  the  L.M.B.C.  Memoirs  published  :| 
and  in  contemplation  is  now  as  follows : — 

)| 

Memoir  I.  Asctdia,  4Y.  A.  Herdman,  60  pp.,  5 Pis.  ^ 

II.  Cardium,  J.  Johnstone,  92  pp.,  7 Pis,  | 

III.  Echinus,  H.  C.  Chadwick,  36  pp.,  5 Pis.  | 

lY.  CoDiUM,  R.  J.  H.  Gibson  and  Helen  Auld.  | 

Y.  Alcyonium,  S.  J.  Hickson,  30  pp.,  8 Pis. 

YI.  Lern.ea  and  Lepeophtiieirus,  Andrew  Scott. 

Dendronotus,  j.  a.  Clubb. 

Peridinians,  G.  Murray  and  F.  G.  AYhitting. 

Zostera,  R.  j.  Harvey  Gibson. 

Himanthalia,  C.  E.  Jones. 

Diatoms,  F.  E.  Weiss. 
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Fucus,  J.  B.  Farmer. 

Gigartina,  0.  Y.  Darbishire. 

Plaice,  F.  J.  Cole  and  J.  Toliiistone. 

Botrylloides,  ay.  A.  Herdmaii. 

Cettle-Fisii  (Eledone),  AV.  E.  Hoyle. 

OsTRACOD  (Cythere),  Andrew  Scott. 

Patella,  J.  E.  A.  HaYis  and  H.  J.  Flenre. 

Calani  s,  I.  C.  Tbomiison. 

Actinia,  T.  A.  Clnbb. 

Begula,  Lanra  E.  Tliornely. 

Hydroid,  E.  T.  Browne. 

AIyxine,  G.  B.  Howes. 

Buccinem,  AI.  F.  AA^oodward. 

C.iLCAREOES  Sponge,  E.  Hanitscli. 

Linees,  E.  C.  Pnnnett. 

A Platyelminth,  A.  E.  Shipley. 

Sagitta,  F.  j.  Cole. 

Arenicola,  j.  H.  Ashworth. 

Antedon,  H.  C.  Chadwick. 

Oyster,  AA^.  A.  Herdman  and  J.  T.  Jenkins. 

Porpoise,  A.  AI.  Paterson. 

In  addition  to  these,  other  Alemoirs  will  be  arranged  for, 
on  suitable  types,  ^uch  as  Carcinus,  an  Amphipod  and  a 
Pycnogonid  (probably  by  A.  E.  Jackson). 

CONCLESION. 

I think  our  Committee  may  claim  that  this  is  a 
faYourable  Eeport,  and  that  it  shows  that  there  is  a good 
deal  of  work  being  done  upon  a very  small  expenditure. 
And  I have  two  remarks  to  make  by  way  of  conclusions 
drawn  from  a consideration  of  the  year’s  work.  The  first 
is  that  our  Treasurer  wants  more  money.  AA^e  are  very 
grateful  to  our  annual  subscribers  who  give  us  our  steady 
though  restricted  income,  and  so  keep  the  Laboratoiy 
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going*,  and  also  to  kind  friends  like  Mr.  (jossagc  and 
Mrs.  Holt,  who  have  given  ns  special  larger  donations  to 
be  applied  to  particular  purposes.  But  if  we  had  more 
money  there  is  no  doubt  a great  deal  more  woik  could  be 
undertaken.  We  ought  to  have  a larger  Laboratory  at 
Port  Erin,  a fish  hatchery  attached  to  it  would  be  most 
useful,  and  a fund  such  as  would  enable  us  to  make  a 
freer  use  of  boats  and  engage  steam  trawlers  more 
frequentlv  for  expeditions  would  be  a great  advantage. 

My  second  remark  is  that  we  want  not  only  money 
l)ut  also  Men.  Personally  I think  more  of  men  than  of 
money.  This  L.]\I.B.C.  work  was  started  on  the  principles 
of  co-operation  and  sub-division  of  labour,  each  man — 
and  woman — cultivating  his  or  her  own  little  corner  of 
the  field,  and  there  is  still  plenty  of  waste  land  to  reclaim. 
AVe  want  new  recruits,  and  especially  young,  active,’ 
enthusiastic  recruits,  and  we  can  offer  them  the  most- 
delightful  of  pursuits — field  work  in  Natural  History., 
It  is  the  most  healthy,  the  most  happy,  the 
most  engrossing  and  the  most  satisfying,  physically, ^ 
mentally  and  morally,  of  all  occupations.  Even' 
taken  merely  as  a hobby,  it  has  been  found  by  many  busy 
professional  and  business  men  that  the  pursuit  of  some^ 
branch  of  Natural  History  adds  a new  pleasure  to^ 
existence,  gives  them  a constant  interest  in  their  open-airj 
surroundings,  lifts  them  above  the  petty  cares  and^ 
worries  of  the  work-a-day  life,  and  lets  a little  of  the  sun-f 
shine  of  Nature  into  their  souls. 

The  subject  of  Marine  Biology  is  as  wide  and  as 
varied  as  the  sea  that  environs  it,  and  it  bristles  with; 
problems  of  every  description.  The  collector  and  classi- 
fier, the  observer  of  habits,  the  investigator  of  life- 
histories,  the  morphologist  studying  structure,  and  the 
physiologist  function,  the  bacteriologist  and  the  chemico- 
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biologist,  the  most  transcendental  evolutionist,  and  even 
the  humble  but  necessary  speciographer,  whom  it  is  the 
fashion  now  in  some  quarters  to  despise  and  deride,  will 
all  find  in  our  local  oceanography  an  ample  field  for  their 
special  researches.  Here  is  work  for  many  minds  and 
many  hands  for  many  a year  to  come. 
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EXPLANATION  OF  THE  PLATES. 

l^LATK  1. 

Key  to  tlie  Chavi  of  ilie  Soutli-western  corner  of  tlie 
Isle  of  ^lan. 

FIG. 

1.  Ai^cctta  pi‘i))wi'<U(ilh,  oft  Port  Krin,  17  fms. 

2.  Siicou  riliaiiiiii,  oft’  Bay  Fine,  18  fms,  etc. 

2.  Si/roii  ((■p)cnn}i,  oft  Port  Erin. 

I jc n(‘OHoJ<‘ uid  voi'icivt'd ^ oft  Halfway  liock,  18  fms. 

5.  Vt(‘  (ilahr((,  one  mile  oft  Bradda  Head,  15  1ms. 

(k  LciicaiKlra  fio.sxA,  in  caves  near  Sugar  loaf  Bock. 

7.  I laUchoiidria  jxniura,  oft  Bay  Fine,  etc. 

(S.  Pacht/iiAdiaiiia  joh iisfoiiia , in  caves  near  Sugar-loaf 
Bock. 

1).  SfeUctd  roUiiKjsi,  in  caves.  ; 

10.  Aiiij)hilertiiH  iiicnititdnx,  in  caves.  ! 

11.  A.iiiielld  stiipo^d,  oft  Port  Erin,  15  to  20  fms. 

12.  SiihcritcH  (loiiuuiriild.  off  Halfway  Bock,  18  fms.  | 

Id.  (lioiid  rrldtd,  oiY  Bay  Fine,  18  fms;  a tiuarter  mile  '. 

AY.  of  Flesh  wick  Bay,  13  fms  ; oft  Port  Erin.  : 

14.  Hiid i'((ctiiiid  (‘chiinitd,  oft  Port  Erin  Breakwatei,  etc.  . 

15.  ( 'or line  ixujiiiafd,  on  Fucus  around  Calf  Island.  j 

16.  Kndendr'uuu  roino-sinn,  oft  Port  Erin,  10  to  20  1ms.  | 

17.  lAidendrinin  rdpdlare  {A,  on  Hi/dH  rodrctotus,  oft  Port  j 

Erin,  10  to  20  fms.  I 

IS.  Gdireid  irntdiis,  oft  Spanish  Head,  15  fms. 

10.  Tiihiiht rid  indirtHd,  on  rocks  around  Calf  Island  and 
in  caves. 

20.  Tidnddrld  Himph'.r  A),  off  Spanish  Plead,  15  fins. 

21.  (Jh/fid  loluiKtoii i , oft  Bradda  Head,  15  1ms. 

22  Ohrlid  fiahrlldtd,  oft’ Port  Erin,  10  to  20  fms. 

23.  Obelui  dichotoma,  oft  Port  Erin,  10  to  20  fms. 
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FIG. 

24.  Campanulayia  volubilis,  off  Spanish  Head. 

25.  Campamilaria  verticillata,  off  Bay  Fine,  18  fins. 

26.  Cainpamdarla  hincksii,  off  Spanish  Head. 

27.  Campamilaria  caliailata,  off  Port  Erin,  10  to  20  fms. 

28.  Campamilaria  angiilata,  off  Port  Erin,  10  to  20  fms. 

29.  Campamilaria  flex  Hosa,  off  Port  Erin,  10  to  20  fms. 

30.  Campamilaria  neglecta,  off  Port  Erin,  10  to  20  fms. 

31.  Gonothyrea  lovmii,  off  Port  Erin,  10  to  20  fms.  ; off 

Bay  Fine,  18  fms. 

32.  Lqfoea  diimosa,  off  Bay  Fine,  18  fms. ; off  Spanish 

Head,  10  to  20  fms. 

33.  Calycella  mjrimja,  off  Port  Erin,  10  to  20  fms. 

34.  Coppinia  arCta,  off  Spanish  Head. 

35.  Haleciiim  halecimim,  off  Port  Erin,  Bay  Fine,  and 

Spanish  Head,  10  to  20  fms. 

36.  Haleciiim  heanii,  off  Bay  Fine,  15  to  18  fms.;  off 

Spanish  Head. 

37.  Sertidarella  polyzoniaa,  oft*  Port  Erin  and  Bay  Fine. 

38.  Sertidarella  riiposa,  off  Bradda  Head,  15  fms. 

39.  iJiphasia  rosacea,  off  Port  Erin,  10  to  20  fms. 

40.  Sertiilaria  ahietina,  off  Spanish  Head,  N.  side  of  Calf 

Island  and  Bay  Fine. 

41.  Sertiilaria  opercidata,  oft*  Spanish  Head. 

42.  Sertiilaria  fllie ala,  off  Port  Erin,  10  to  20  fms. 

43.  Sertiilaria  aryentea,  off  Port  Erin,  10  to  20  fms. 

44.  Hydrallmania  falcata , off  Spanish  Head,  etc. 

45.  Antemiidaria  ramosa,  off  Port  Erin,  10  to  20  fms.  ; 

off  Bradda  Head  and  Halfway  Bock. 

46.  Aiitemiidaria  antemiiiia,  oft'  Spanish  Head  and  Bay 

Fine,  18  fms. 

47.  Aylaophenia  pliima,  off  Bradda  Head. 

48.  Aylaophenia  inyriophijlliim,  off  Halfway  Piock  and 

- Bay  Fine,  15  fms. 

49.  Pliiimdaria  eatharina,  off  Halfway  Bock, 
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50.  PI t( Hddai'lti  pliuuitci,  oft  Jiradda  Head. 

51.  Sagartia  iiicea,  oft  Halfway  Hock  and  on  Calf  Island. 

51a.  Sagartia  veiiKsta,  on  Clefs  and  Calf  Island.  ; 

51b.  Sagartia  miniala,  on  Clefs  and  Calf  Island.  j 

52.  (U)rgnavtin  riridis,  off  Porf  Erin  Breakwafer,  and  , 

Spanish  Head.  ! 

58.  Kpizoanth IIS  {Poigthoa)  arenarea,  oft  Spanish  Head. 

54.  Adamsia  palliata,  oft  Porf  Erin  Breakwafei,  Bay 

Eine,  and  Spanish  Head. 

55.  U rticina  {Tralia)  cras-STVo/’/hb*,  generally  disfribufed  on 

rocky  ground. 

56.  Alcgoniii III  digitat ii in , on  Porf  Erin  Breakwafer,  and 

off  Spanish  Head. 

57.  Sairodictgon  catenata,  off  Bay  Eine,  Porf  Erin,  and 

Spanish  Head. 

58.  Asterias  ruhens,  off  Bradda  Head,  Bay  Eine,  efc. 

59.  Asterias  glacialis,  N.  of  Calf  Island,  14  Inis.  ■ 

60.  Henricia  sangiiiiwlenta,  off  Porf  Erin,  Halfway  Bock  > 

and  Aldrick.  , 

61.  Stichaster  mseiis,  off  N.  corner  of  Calf  Island,  17  fms.  ' 

62.  Solaster  endcca,  off  Ba.y  Eine  and  Halfway  Bock. 

68.  Solaster  papposiis,  off  Bradda  Head,  Bay  I ine,  and 
Kifferland.  ; 

64.  Palinipes  placenta,  off  Halfway  Bock,  18  fms.  * 

65.  l^orania  jJidrilliis,  oft  Bay  Eine,  18  fms,  and  N.  of  | 

Calf  Sound.  . i 

66.  Astropecten  irregularis,  oft  Bradda  Head.  j 

67.  Opldura  ciliaris,  off  Porf  Erin  Breakwafer,  Bay  Fine, 

and  Aldrick. 

68.  Ophiura  alhida,  off  Porf  Erin,  Bay  Eine,  and  Aldrick. 

69.  ArnjAiiiira  elegaiis,  off  Porf  Erin  Breakwafer,  and 
Bay  Fine. 

OphiojAwlis  acideata,  oft  Porf  Erin,  12  fms. 

Ophiocoma  nigra,  oft  Bay  Eine  and  Aldiick. 


70. 

71 
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FIG. 

72.  02)hiothrix  pentapliyllum , off  Bay  Fine,  Aldrick, 
Spanish  Head,  etc. 

j 73.  Ocnus  hrwmeus,  off  Port  Erin  and  Spanish  Head. 

I 74.  Thyone  papillosa,  off  Castles,  Port  Erin,  15  fms. 

75.  Thyone  fusus,  off  Port  Erin,  20  fms. 

76.  Thyone  raphanus,  off  Port  Erin,  20  fms. 

77.  Cucuniaria  hyiidmanni,  off  Port  Erin,  20  fms. 

78.  Echinus  esculentus,  generally  distributed  on  rocky 

ground. 

79.  Echinus  miliaris,  off  Port  Erin  Breakwater,  and  Bay 

Fine. 

80.  Echinocyanius  pusillus,  off  Bay  Fine,  Aldrick  and 

Halfway  Bock. 

81.  Spatangus  purpureus,  off  Port  Erin,  15  fms,  and  off 

Aldrick,  18  fms. 

82.  Echmocardiuni  Jiavcsccns,  one  mile  off  Bradda  Head, 

15  fms. 

83.  Antcdon  bifida  (=rosacca) , off  Castles,  Port  Erin,  and 

off  Bay  Fine,  18  fms. 

84.  Linens  longissiinus,  off  N.  Corner  of  Calf  Island,  17  fms. 

85.  Amphiporus  pidcher,  off  Port  Erin,  Bay  Fine,  Aldrick, 

. etc. 

^ 86.  Micrura  fasciolata,  off  Halfway  Bock,  18  fms. 

1 87.  Micrura  Candida,  N.  of  Halfwa}^  Bock,  15  fms. 

I 88.  Carinella  aragoi,  N.  of  Halfway  Bock,  15  to  18  fms. 

! 89.  Cephalothrixhioculcita,offVoYiEYi\\,  15  fms. 

1 90.  Tetrastenuna  melanocephcduin,  off  Port  Erin,  15  to  20 
fms. 

' 91.  T etrastenima  rohertiance,  off  Port  Erin,  15  fms. 

! 92.  Prosorhochinus  claparedii,  N.  of  Halfway  Bock,  15  fms. 

93.  Cerehratulus  fuscus,  off  Port  Erin,  15  to  20  fms. 

94.  Polygordius  sp.,  off*  Bradda  Head. 

95.  Hermione  hysfri.r,  off  Port  Erin,  Halfway  Bock,  and 

' Spanish  Head. 
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1)6.  ^iphrndita  andcaia,  N.  of  Calf  Island. 

1)7.  P(dij)we  sqiiaiiiata,  off  Port  Erin  and  Spanish  Head. 

1)8.  Polijiioc  h(dl(('ti,  off  Port  Erin,  15  fms. 

1)1).  1 Iidonjidua  (felativofia,  off  Aldrick  and  Bay  Eine,  15  to 

120  fms. 

100.  Jicriiiadlon  as.'ii)Hd(’,  on  Echinus,  oft  Port  Erin  and 

J3ay  Eine. 

101.  Stheiielau  Zetland  lea,  off  Port  Erin,  20  fms. 

102.  Ch(ct()j)tenis  ra riopedatns,  N.  of  Calf  Island. 

108.  Pectinaria  heh/lca,  off  Port  Erin,  20  fms. 

104.  TeveheUa  uchido^a,  off  Port  Erin,  10  to  20  fms. 

105.  Serpida  rermlndaris,  off  Port  Erin,  Spanish  Head, 

etc. 

106.  Serpnla  trlqiiefei\  off  Halfway  Hock,  18  fms. 

107.  Fdoiivana  iinjde.ia,  off  Bradda  Head,  Bay  line,  etc. 

108.  .Etea  triincata,  off  Port  Erin,  10  to  15  fms. 

109.  zEtea  recta,  off  Halfway  Bock.  ; 

110.  Geinelhu'la  toriceda,  oft  Port  Erin  and  Bay  Fine.  ! 

111.  Encratea  chelata,  off  Port  Erin.  , 

112.  ScrnpocedUo'la  Hcnipea,  off  Halfway  Bock.  _ 

118.  Cauda  {ScrnpoceUaria)  reptanr,  off  Port  Erin,  Half-  ■ 

w’ay  Bock,  etc. 

114.  Bicellaria  ediata,  off  Bay  Fine.  ; 

115.  Bapida  tarbinata,  oft  Bay  Fine.  j 

116.  Bnpnla  fiabdlata,  oft'  Bradda  Head.  { 

117.  Biifiida  pliuiiosa,  ofl  Port  Eviii.  | 

118.  Biipida  ealathas,  off  Bradda  Head.  I 

119.  Beaida  iiiirahdls,  off  Port  Erin,  5 to  10  fins.  | 

120.  CelUiria  Hdidoi^a,  off  Bay  Fine  and  Halfway  Bock. 

121.  P'ludra  foliacea,  off  Port  Erin. 

122.  Monbranipora  jjdosa,  geneviiWy  distributed. 

128.  Membranl2)ora  catenidaria,  off  Port  Erin.  , 

124.  Memhrampora  eratiada,  off  Port  Erin  and  Halfway  I 
Bock. 
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FIG. 

125.  Membrailipora  flamingii,  off  Port  Erin  and  Halfway 

Kock. 

126.  Memhyanipora  damerilUi,  off  Port  Erin  and  Halfway 

Eock. 

127.  Membraiiijjora  imbelUs,  off  Port  Erin  and  Halfway 

Eock. 

128.  Cnbrilina  punctata,  off  Spanish  Head. 

129.  Membraniporella  nitida,  off*  Spanish  Head. 

130.  Micropondla  malusii,  off  Port  Erin  and  Halfway  Eock. 

131.  Microporella  ciliata,  off  Port  Erin  and  Halfway  Eock. 

132.  Chorizopora  brongniartu , off’  Port  Erin  and  Halfway 

Eock. 

138.  Schizopordla  linearis,  off  Port  Erin  and  Halfway  Eock. 

134.  Schizopordla  spinifera,  off  Port  Erin. 

135.  Schizotheca  fissa,  off  Port  Erin  and  Halfway  Eock. 

136.  Hippothoa  diraricata,  off  Port  Erin  and  Halfway 

Eock. 

137.  Hippothoa  distans,  off  Port  Erin  and  Halfway  Eock. 

138.  Lepralia  cdax,  N.  of  Kitterland,  18  fins. 

139.  Pordla  concinna,  off*  Port  Erin  and  Halfway  Eock. 

140.  Sniittia  tnspinosa,  off  Port  Erin  and  Halfway  Eock. 

141.  Sniittia  reticulata,  off  Port  Erin  and  Halfway  Eock. 

142.  iHucrondla  peachii,  off*  Port  Erin  and  Halfway  Eock. 

143.  iMuci ondla  renti'icosa,  off  Port  Erin  and  Halfway 

Eock. 

144.  Mucronella  coccinea,  off  Port  Erin  and  Halfway  Eock. 

145.  Cdlcpora  puniicosa,  off  Port  Erin  and  Halfway  Eock. 

146.  Cdlcpora  costazii,  off  Port  Erin  and  Halfway  Eock. 
146a.  Cdlcpora  dichotoina,  off  Port  Erin  and  Halfway  Eock. 

147.  Crisia  cornuta,  off  Port  Erin  and  Halfway  Eock. 

148.  Crisia  eburnea,  off  Spanish  Head  and  Bay  Fine. 

149.  Crisia  raniosa,  off’  I^ort  Erin  and  Halfway  Eock. 
loO.  Stomatopora  johnstoni,  off  Port  Erin  and  Halfway 

Eock. 
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FIG. 

151.  Tabidipora  ftahellaris,  off  Port  Erin  and  Halfway 

Rock. 

152.  Idmonea  serpens,  off  Halfway  Rock. 

153.  Diastopora  suhorhknlaris,  off  Port  Erin  and  Halfway 

Rock. 

154.  DiasUypora  patina,  Halfway  Rock,  and 

Spanish  Head. 

155.  Diastopora  ohelia,  off  Port  Erin  and  Halfway  Rock. 

156.  Lkhenopora  hispida,  off  Spanish  Head. 

157.  Alcyonidinni  fjelatinosiun , off  Port  Erin. 

158.  Alcyonidium  mytili,  off  Port  Erin  and  Halfway  Rock. 

159.  Alcyonidinin  Idrsntam,  off  Port  Erin. 

160.  Amatkia  lendigera,  off  Castles,  Port  Erin,  12  fms. 

161.  Bowerha)tkia  pustidosa,  off  Port  Erin,  10  to  15  fms. 

162.  Cylindroecinm  dilatatiun,  off  Port  Erin,  10  to  15  fms. 

163.  Minwsella  f/racUis,  off  Bay  Fine. 

164.  Pedicellina  vernua,  off  Bradda  Head  and  Bay  Fine.  ■ 

165.  Cancer  pagnrns,  generally  distributed  on  rocky  ■ 

ground.  , 

166.  Xantlio  tiibercidata,  off  Halfway  Rock.  | 

167.  Carciniis  moenas,  generally  distributed  in  shallow 

water. 

168.  Portunus  pnsillas,  outside  Port  Erin  breakwater  and  ; 

off  Bay  Fine.  { 

169.  Portunus  arcuatus,  J mile  off  shore,  W.  of  Fleshwick  | 

Bay.  j 

170.  Portunus  puber,  outside  Breakwater,  and  off  Bay  Fine,  j 

171.  Pinnotheres  veternm,  off  Aldrick. 

172.  Macropodia  {Stenorhynchas)  rostrata,  generally  dis- 

tributed. 

173.  Inachus  dorsettensis,  J mile  N.  of  Kitterland,  18  fms. 

174.  Hyas  araneus,  generally  distributed  in  shallow  water. 

175.  Hyas  coarctcdus,  generally  distributed  in  shallow 

water. 
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176.  Pisa  biaculeata,  off  Port  Erin. 

177.  Eurynome  aspera,  off  Bay  Fine,  Aldrick,  and  Spanish 

Head. 

178.  Ebalia  iuberosa,  off  Port  Erin  and  Bay  Fine. 

179.  Ebalia  cmnchii,  off  Port  Erin,  and  N.  of  Kitterland. 

180.  Ebalia  tumefacta,  off  Spanish  Head. 

181.  Eiqxiguriis  bernhardas,  generally  distributed. 

182.  Eupaffurus  prideaujc,  off  Port  Erin  Breakwater,  Bay- 

Fine,  and  Spanish  Head. 

183.  Eupagurus  cuanensis,  off  Halfway  Eock,  18  fms. 

184.  Porcellana  longicornis,  off  Bay  Fine  and  Aldrick. 

185.  Ualathea  intermedia,  generally  distributed. 

186.  Galathea  dispersa,  off  Halfway  Eock,  18  fms. 

187.  Galathea  nexa,  off  Bay  Fine  and  Aldrick. 

188.  Palinurus  vulgaris,  off  Calf  Island. 

189.  xistacus  gammariis  (Homarus  vulgaris),  generally 

distributed  on  rocky  ground. 

190.  Crangon  vulgaris,  off  Port  Erin. 

191.  Crangon  trispinosus,  off  Breakwater  and  Bay  Fine. 

192.  Crangon  allmani,  off  Halfway  Eock,  18  fms. 

193.  Crangon  fasciatus,  outside  Breakwater,  Port  Erin. 

194.  Hippolyte  varians,  generally  distributed. 

195.  Spirontoearis  spinus,  off  Bay  Fine. 

196.  Pandalus  annulicornis,  generally  distributed. 

197.  Idotea  inarina,  generally  distributed. 

198.  Astacilla  longicornis,  off  Bay  Fine. 

199.  Pleurocrypta  intermedia,  on  Galathea  intermedia,  off 

Bay  Fine. 

200.  Ampelisca  macrocephala,  off  Port  Erin,  10  to 

20  fms. 

201.  Leucothoe  spinicarpa,  off  Port  Erin. 

202.  Eusirus  longipes,  off  Port  Erin,  10  to  20  fms. 

203.  Balanus  balanoides,  generally  distributed  on  rocks 

between  tide  marks. 
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*204.  SraJpcllinit  nih/air,  on  A iitenii iilaria  raiiio.sa,  oft  Jftiy 
Fine. 

‘205.  PaUeiie  hreriro.^tri-^,  oft‘  Spanish  Head. 

‘20G.  lAi()xlchili(Uiiin  J‘eiii()ratiini,  oft‘  Port  Erin. 

•207.  Pephredo  hlrsiita  {!),  off  Port  Erin,  15  fms. 

208.  Phoxichilua  .splno>iHiy,  off  Port  Erin,  15  fms. 

209.  Piic)iofjo)uuu  littoi'cih’,  oft  Plalfway  Ivock,  18  fins,  and 

Aldrick. 

2L0.  Auoiiiia  cphippiiiin,  generally  distributed. 

211.  Oatrca  ediiUi^,  off  Halfway  Pock,  18  fms. 

212.  Pecten  rarhis,  off  Bay  Fine  and  Aldrick. 

218.  Pecten  operciilaris,  off  Bradda  Head  and  Aldrick. 

214.  Peeten  tif/r'nuiH,  oft  Bay  Fine  and  Aldrick. 

215.  Pecten  piisio,  off  Halfway  Pock. 

21().  Peeten  inaxiinn^,  oft  Aldrick  and  Calf  Island. 

‘217.  Ijiinei  loHeondfll,  oft  Spanish  Head  and  Bay  kiiie.  , 
218.  lAina  eUiptiea,  oft  Spanish  Head.  : 

‘219.  AP/tdiiH  )n<)dt()ln>f,  off  Calf  Island  and  Spanish  Head. 
2‘20.  Modiolarla  nuinnomta,  off  Spanish  Head.  i 

‘2‘21.  Xueuhi  nnclens,  oft  Bradda  Head  and  Spanish  Head.  , 
‘2‘22.  PeetunenhiH  (/li/eiineris,  oft  Bay  line,  Aldrick,  etc.  ■ 
228.  Area  tetrcujona,  off  Spanish  Head.  , 

224.  Lepton  -sp.,  off  Kitterland.  • 

225.  Cardin  III  echinatnin,  off  Port  Erin.  j 

‘2‘26.  Cardinin  norveejicn in,  oft  Port  Erin  and  Bay  Fine ; j 

dead  but  fresh.  | 

‘2*27.  Ci/])i'lna  dandiea , oft  Bay  Fine  and  Kitterland  ; dead  j 
but  fresh. 

228.  Astarte  nnleata,  oft  Port  Erin,  10  to  20  fms. 

229.  Venus  exoleta,  oft  Port  Erin  and  Bay  Fine. 

280.  Venus  lineta,  off  Breakwater  and  Bay  Fine  ; dead  but 
fresh. 

231.  Venus  casina,  oft  Port  Erin  and'  Halfway  Pock. 

282.  Tapes  rinjinens,  olfflay  Fine  and  Spanish  Head. 
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233.  TeUlna  halthica,  off  Port  Erin. 

234.  Psawmohia  tellineUa,  off  Spanish  Head. 

285.  Mactra  Holicla,  off  Port  Erin. 

23().  J^aiidora  uireqn iralrix,  off*  Bay  Fine. 

237.  'llmicia  pr(rt(>ui(h,  off  Port  Erin. 

238.  Mya  tniiicafa,  off  Bay  Fine. 

239.  Saxicara  niyom,  off  Bay  Fine  and  Aldrick. 

240.  Deutaliiim  nifale,  off*  Bradda  Head  and  Spanish 

Head,  20  fins. 

241.  Chiton  rancrllafiis,  off  Port  Erin. 

242.  Chiton  cinnxns,  off  Bay  l^ine  and  Spanish  Head. 

243.  Emaryinula  Css  lira,  off  l^ort  Erin  and  Spanish  Head. 

244.  Tlssurella  cjrixca,  off  Port  Erin  and  Spanish  Head. 

245.  Capnhis  hunf/aricns,  off*  Bay  Fine. 

24().  Cyclostrema  nitons,  off  Kitterland. 

247.  Trorhiis  zizyphinus,  off  Port  Erin,  Bay  Fine,  etc. 

248.  Trochns  magus,  off  Port  Erin  and  x\ldrick. 

249.  Trochns  millcgranns,  off  Halfway  Rock. 

250.  Phasianclla  pullus,  off  Breakwater,  Port  Erin. 

251.  Odostomia  nitidissinia,  off*  Kitterland. 

252.  Odostomia  acicida,  off  Kitterland. 

253.  Odostomia  rufa,  off  Breakwater,  Port  Erin. 

'254.  Eulima  hilineata,  off  Kitterland. 

>255.  hSatica  catena,  off  Spanish  Head. 

;256.  Xatka  aldcri,  off  Bay  Fine  and  Spanish  Head. 

'257.  Vclutina  hevigata,  off  Bay  Fine. 

'258.  Ajmrrha'ls  pcs-jjcUcani,  off  Port  Erin  and  Aldnck. 

259.  Bnccinum  undatnm,  generally  distributed. 

260.  Murex  erinaccus,  off  Bay  Fine,  Aldrick,  and  Spanish 

Head. 

261.  Trophon  muricatus,  off  Port  Erin. 

262.  Eiisiis  gracilis,  off*  Spanish  Head. 

263.  Eusus  antiquus,  off  Spanish  Head. 

264.  Pleiirotoma  nebula,  off  Port  Erin. 
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265.  Pleiirotoma  tnrricola,  ott  Spanish  Head. 

266.  Cyprcea  eiiropcBci,  off  Port  Erin  and  Aldrich. 

267.  Actceou  toriiatiUs,  off’  Castles,  Port  Erm.  j 

2(*)H.  Jyiilhi  off  Castles  and  Jhiy  Pine.  j 

266.  Scaphander  lifinarins,  off’  Bay  Fine.  , 

270.  Apli/sla  punctata,  generally  distributed.  i 

271.  PlenrohranchiiH  nicnibranaccns,  off’  Spanish  Head.  i 

272.  G()nwd(>ris  casta nea,  off  Spanish  Head. 

273.  Triopa  clarifier,  off  Ihiy  Fine. 

274.  Polyccra  ([nadrilincata,  off  Breakwater  and  13ay  Fine. 

275.  Dendronotns  arhorcscc.ns,  off  Spanish  Head. 

276.  Hero  formosa,  oft*  Bay  Fffne. 

277.  Doto  coronata,  oft’  Breakwater  and  Bay  Fhne. 

278.  Doto  pinnatifida,  off  Bay  Fine. 

279.  Doto  fraffilis,  oft’  Port  Erin  and  Spanish  Head. 

280.  Facelina.  drnnimondl,  off  Breakwater,  Port  Erin.  _ 

281.  Cori/phella  lincata,  off  Port  Erin,  10  fms.  ; 

282.  Cratena  amoena,  off  Halfway  Piock.  ' 

283.  Gedvina  picta,  off  Port  Erin.  i 

284.  Gedvina  fairanl,  off  Breakwater,  Port  Erin.  ' 

285.  Gedvina  tricolor,  off  Breakwater  and  Spanish  Head. 

286.  Piuncina  coroneita,  oft  Bay  Fine. 

287.  Actceonia  ce)rrnefeita,  oft’  Bay  Fine.  ; 

288.  Linteipontia  nigra,  off  Bay  Fine.  | 

289.  Melanipus  bielentatus,  off  Bay  Phne.  | 

290.  Botrijlloides  rubrarn,  off  Spanish  Head.  j 

291.  Morchellinni  argas,  off  Bay  Fine,  Halfway  Bock,  etc.  | 

292.  Leptoclinum  asperwm,  oft*  Port  Erin. 

293.  Leptoclinum  durum,  oft*  Breakwater,  Port  Erin, 

294.  Clavelina  lepaeliformis,  off  Castles,  Bay  Fine,  and 

Spanish  Head. 

295.  Perophora  listeri,  oft  Bay  Fine  and  Spanish  Head. 

296.  dona  intestinalis,  generally  distributed. 

297.  Ascidiella  virginea,  off  Port  Erin,  10  fms. 
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298.  Ascidiella  scahra,  off  Port  Erin,  10  fms. 

299.  Ascidiella  venosa,  off  Aldrick. 

300.  Ascidiella  aspersa,  off  Breakwater,  Bay  Fine,  etc. 

301.  Ascidia  meutida,  off  Bay  Fine  and  Halfway  Bock. 

302.  Ascidia  pleheia,  olf  Spanish  Head,  20  fms. 

303.  Corclla  parallclogranuna,  off*  Castles,  Bay  Fine,  and 

Spanish  Head. 

304.  Styelojjsis  grosstdaria,  off  Port  Erin  and  Spanish 

Head. 

305.  Polycarpa  comata,  off’  Halfway  Rock. 

306.  Polyccupa  pomaria,  off  Bay  Fine,  12  fms. 

307.  Polycarpa  glomerata,  in  caves. 

308.  Polycarpa  monensis,  off’  Port  Erin,  15  fms. 

309.  Cynthia  morns,  off  Halfway  Rock  and  Bay  Fine. 

310.  Molgida  occulta,  off  Bradda  Head  and  Spanish  Head. 

311.  Pdugyra  glutinans,  off  Halfway  Rock  and  Spanish 

Head. 


Plate  II. 

This  Chart  shows  the  physical  features,  soundings, 
and  bottoms  in  Port  Erin  Bay,  and  is  explained  on  page  41. 

Plate  III. 

Key  to  the  Chart,  showing  the  distribution  of  the  Porifera, 
CoELENTERA,  aild  EcHINODERMA. 

FIG. 

1.  Leucosolenia  coriacea,  in  coralline  pools,  and  at 

Fleshwick. 

2.  Leucosolenia  hotryoides,  in  Pat’s  Bub  and  other 

coralline  pools,  and  at  Fleshwick. 

3.  Sycon  comjwessum,  in  coralline  pools  and  under 

stones,  and  at  Fleshwick. 

4.  Sycon  coronatmiu  in  coralline  pools  and  under  stones, 

I and  at  Fleshwick. 
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LcAicandra  gossei,  under  stones  at  extreme  low  watei, 
and  at  Flesliwic'k. 

Ijcncandra  under  stones  at  extreme  low 

water,  and  at  Flesh  wick. 

LciKudid n(  johnstoiii,  under  stones  at  extreme  low 
water,  and  at  Flesliwick. 

Jj'iicandra  itirca,  under  stones  and  on  boulders,  and 
at  Flesliwick. 

I led  (Mi  rra  diijardhii , in  coralline  pools. 

Ilidirhoinlriii  pailirni,  iindei-  stones  ami  on  rocks,  and 
at  Fleshwick. 

Uindrra  elegant,  in  coralline  pools. 

lUaiicra  drum,  in  coralline  pools. 

AwidddectUH  /acr/eshoes,  on  boulders  at  extreme  low 


water. 

14.  MgxiUa  {Halirhondria)  irrrgidariH,  under  stones  at 

extreme  low  w’ater. 

15.  J 1 i/iiieiiiaridon  raninrida,  on  rocks  and  bouldeis. 

16.  ]Ii/iiirniaridoii  sangiiiiirion,  on  rocks  and  boulders. 

17.  Clara  imdtineni  is,  on  Fur  us,  and  in  coralline  pools. 

18.  Hydrartinia  erhmata,  on  shell  of  Buccimim  inhabited 

by  Eupagurvs. 

19.  Coryne  vaginata,  under  ledges  of  rock  at  low  water. 

20.  Tuhularia  larynx,  under  stones  and  on  Breakwater. 

21 . Chjtia  johnstoni,  on  Chorda  filum . 

22.  Ohelia  qcniridata,  on  Chorda  filum  and  Launnarla, 
2B.  Campanidina  reprns,  in  rock  pool. 

24.  Coppinia  arrta. 

25.  Sertularia  pumUa,  under  ledges  of  rock  at  low  w^atei. 

26.  Antennularia  antennina,  off  Bradda  Head. 

27.  Aiitrnnular'ui  raiiiosa,  off  Bradda  Head. 

28.  Pluniularia  erhinidata,  in  coralline  pools. 

29.  Alcyoniwin  digitatum,  on  Breakw’ater. 

BO.  Sarcodictyon  catenata,  off  Breakw'ater. 
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31.  Cori/nactis  riridis,  in  rock  pools  and  off  Breakwater. 

32.  Hakampa  cn/santhelliun,  in  sand  at  low  water. 

33.  jMetvidiinu  {Acfinoloho)  diauthiis,  on  Breakwater. 

34.  Sagartia  bellis,  in  coralline  pools. 

35.  Sagartia  renusta,  in  crevices  of  rock  at  extreme  low 

water. 

36.  Sagartia  mimata,  in  crevices  of  rock  at  extreme  low 

water. 

37.  Adamua  palliata,  on  shell  hiliabited  by  kupagiirux 

prideaii.r. 

38.  Actinia  equina,  common  on  rocks  between  tide  marks. 

39.  Anenionia  sulcata,  common  in  pools  and  at  low  water. 

40.  Urtlcina  {=Tealia)  c r as  si  cornis,  common  at  low  water. 

41.  Bunndcs  verrucosa  (gemmacea),  common  in  pools  and 

crevices  at  low  water. 

42.  Asterias  ruhois,  at  and  below  low  water  mark, 

common. 

43.  Hmricia  sanguliwlcnfa,  amongst  roots  of  Laminaria 

and  outside  Breakwater. 

44.  Solastcr  papposus,  outside  Breakwater,  rare  at  low 

water. 

15.  Astropecten  irregularis,  off  the  Sker. 

46.  Asterina  gihhosa,  in  coralline  pools. 

47.  Echinus  esculentus,  common  at  and  below  low  water. 

48.  Echinus  miliaris,  at  low  water  on  S.  side  of  bay. 

1 49.  Echinocaixlmm  cordatwn,  in  sand. 

50.  Spatangus  pwrpureus,  off*  Castles. 

51.  Echinocyamus  pusillns,  off  the  buoy. 

'52.  Synapta  inheerens,  in  sand  and  muddy  gravel. 

'o3.  Cucu maria  hyndmani,  under  stones  at  extreme  low 
water,  rare. 

54.  Ophiura  ciliaris,  across  mouth  of  hay. 

55.  Ophiura  alhida,  across  mouth  of  liay. 

,ob.  OphiophoUs  aculcata,  under  stones  at  low  water, 
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57.  AiKphuira  clcfians,  in  coralline  pools  and  under  stones. 

58.  Ophiotlirlr  poitaphijUitiii,  common  under  stones  at 

low  water.  I 

59.  ( )ph loc())na  irifira,  ofi  CiiAle^.  \ 

HO.  Autedoii  hifida  { = ronacfa),  outside  j^reakwater. 

Pt.ate  IV. 

Key  to  the  Chart  showing  the  distrihution  of  th(‘ 
TURBELLAiaA,  NeMEUTEA,  aiul  CiLETOrODA. 

FIG.  . 

I.  Aphanostoma  dlrcrsiroJor,  m rock  pools. 

•2.  Courohda  jmrado.ai,  in  rock  pools. 

8.  Courohda  fJatdhacdhiw,  in  rock  pools. 

4.  Croiueso.stoma  iiiarmoratuui,  in  rock  pools. 

5.  Proniesostoma  oroide mn,  in  shell  dehris. 

().  PromeHOHtoma  lentictdatmn,  in  rock  pools. 

7.  Byrsopldehs  intermedia,  in  rock  pools.  ; 

8.  ProxeiietcHdahelli/er,  in  rock  pooh.  j 

9.  Psendorhyiiehiis  hlfidii-^,  among  drift  weed. 

10.  Acrorhynehiis  raledoiiieiis,  among  sea-weeds.  | 

II.  M aero rhyiich IIS  nacyelii,  in  rock  pools.  < 

12.  Maerorhi/iiehits  helyolandlciis,  in  rock  pools.  . 

IB.  Ilyporhynehus  armatiis,  15  fins,  outside  Breakwater, 

14.  Prorortex  haltieiis,  in  rock  pools.  ' 

15.  Playiostoina  sidphiireiun,  in  rock  pools.  j 

IH.  Playiostoma  vittatum,  in  rock  pools.  \ 

17.  Vorticcros  auricidatum,  in  rock  pools.  \ 

18.  Allostoma  pallidum,  in  rock  pools.  ^ 

19.  Cyliudrostoma  qiiadriocidatum,  in  rock  pools. 

20.  Cyliudrostoma  ineriue,  among  drift  weed. 

21.  Moiiotus  lineatus,  in  rock  pools. 

22.  Mouotus  fiiscus,  among  Baianus,  on  rocks. 

2B.  Leptoplana  tremeJlaris,  under  stones. 

21.  C i/rloporiis  papdlosus,  under  stones  and  oil  lnad( 
Head. 
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•25.  Oliffocladus  saur/uimdentus,  among  shell  debris  outside 
Breakwater. 

26.  Stylostomum  rariabilt’,  among  shell  debris  outside 

Breakwater. 

27.  Carbiella  amgoi,  under  stones  at  low  water. 

28.  Cephalothrix  hioculata,  under  stones. 

29.  Amphiporus  pulcher,  in  shell  debris  outside  Break- 

water. 

BO.  Amphiporns  lactifiorens,  under  stones. 

Bl.  Ampkiponis  (lissimulaua  in  shell  debris  outside 
Ih’eakwater. 

B2.  Tetrastemma  fiavidam,  on  weeds  and  in  pools. 

83.  Tetrastemma  dorsale,  under  stones. 

34.  Tetrastemma  nigrum,  among  weeds. 

B5.  Tetrastemma  eandidiim,  among  weeds. 

36.  Tetrastemma  melanocephalum,  among  weeds. 

37.  Tetrastemma  rohertiarice,  on  shelly  ground  in  15  fms. 

38.  Nemertes  neesii,  common  between  tide  marks. 

39.  lAneus  ohseurus,  common  between  tide  marks. 

40.  Linens  loiigissimiis,  under  stones. 

41.  Mierura  faseiolata,  on  shelly  ground. 

42.  Cerehratulus,  sp.  in  sand. 

43.  iJniophllus  teeniatus,  in  rock  pools. 

44.  Polygordius,  sp.,  off  Bradda. 

45.  Cli  telUo  a re II  a rill s,  under  stones. 

46.  Pohinoe  Imhricata,  under  stones. 

47.  Polynoe  retieidata,  under  stones. 

48.  Hermadion  assimile,  on  Echinus. 

49.  Sthenelais  hoa,  under  stones. 

50.  Xephthys  eceea,  in  sand. 

51.  Nephthys  homhergi,  in  sand. 

52.  Eulalia  riridis,  on  Breakwater, 
o3.  Phyllodoee  maeidata,  under  stones. 

54.  Phyllodoee  laminosa,  under  stones, 
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Nereis  })ela(fica,  under  stoiiey. 

Nereis  fticata,  commensal  with  Ei(pafiimis. 

Sijllis  armillaris  in  rock  pools. 

Neriue  nilfiaris,  in  sand. 

Arenicola  itiarina,  in  sand. 

A}‘euicola  rcaiidata,  under  stones. 

Areuicolci  (jruhii,  under  stones. 

('apitella  rapitata,  under  stones. 

Owenia  jUiformis,  in  sand. 

CirratHlvs  tentaadatus,  under  stones. 

Amphifrite  dpiilns,  under  stones. 

Lanice  courhileffa,  in  sand. 

Aiuphi(fleuci  med  iter  rented,  in  rock  pools. 

Pomatoceros  trUpteter,  on  stone  and  dead  shells. 
Spirorlds  borealis,  on  Fiieii.s  everywhere. 

Fdotfratta  itttple.va,  on  stones  and  dead  shells. 

Plate  Y.  ! 

Key  to  the  Chart  showing  the  distribution  of  the  Crustace 

FI(t  ! 

1.  Cancer  papurns,  small,  under  stones,  and  adult  c 

Bradda  Head. 

•2.  Pllnnwiis  hlrtelliis,  under  stones.  , 

2.  Carcintis  meet t as,  common.  j 

4.  Port  tin  ns  pnher,  common.  | 

5.  Portnntis  arenatns,  4 fms.  j 

().  Alacropodia  (Stenoy'hynehns)  rostrata,  common.  ^ 

7.  Hi/as  ar aliens,  generally  distributed. 

S.  Hyas  coaretatus,  generally  distributed. 

P.  Fnpaynvns  hernhardns,  generally  distributed. 

10.  Fnpaynnis  prhleaux,  across  mouth  of  bay. 

11.  Poveellana  lonykovnis,  under  stones. 

12.  Galathea  squantifera,  under  stones,  abundant. 

18.  Galathea  inter  media , off  Breakwater,  common. 
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14.  Galathea  strigosa,  under  stones,  rare. 

15.  Astacas  gammanis  {—Homarus  vulgaris)  on  rocky 

ground  ail  round  bay. 

16.  Crangon  vulgaris,  coinmon  in  sandy  places. 

17.  Crangou  trispinosus,  off  Breakwater. 

18.  Crangou  fasciatus,  4 fms. 

19.  Hippolyte  variaus,  common. 

*20.  Panclalus  annulicornis,  common. 

21.  Macromysis  jiexuosa,  common  in  summer. 

22.  Macromysis  inermis,  common  in  summer. 

23.  Mysidopsis  gihhosa. 

24.  Cast  rosace  us  sauctus. 

25.  Haplostylus  normanii. 

26.  Siriella  armata, 

27.  Nehalia  hipes,  under  stones. 

28.  Eudorella  tmncatida. 

29.  Dynamcne  rubra,  on  weeds. 

30.  Idotea  marina,  on  weeds. 

31.  Idotea  vividis,  on  weeds,  Breakwater. 

32.  Ligia  oeeaitica,  in  damp  places  above  liigli  water. 

33.  Hyale  uilssonii,  on  weeds,  Breakwater. 

34.  Orchcstia  littorea,  abundant  at  high  water. 

35.  Bathypoveia  pdagica,  abundant. 

36.  Stenothoe  monoculoidcH,  in  rock  pools. 

37.  Metopa  hruzdlii 

38.  Monoeulodes  caviuatits,  outside  bay. 

39.  Pevioculodes  longimauus. 

40.  Pontoevatcs  avenavius,  common. 

41.  Synchdidium  haplodides. 

42.  Apherusa  jurinii,  in  rock  pools. 

43.  Paratylus  swammerdamii. 

44.  Dexamine  thea. 

45.  Tritceta  gibbosa,  on  Morchdlium  avgus. 

46.  Cammavus  )uavinus,  among  weeds. 
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47.  (rammarits  locnsta,  iimong  weeds. 

48.  Melifa  jxdinata. 

49.  Chi'iroc rains  assimiUs. 

50.  Aora  <iracilis. 

54.  Mkroprotopas  manilatiis. 

52.  Podoceropsk  rxcarata,  outside  ])ay. 

58.  Amphithor  riihkata,  among  weeds. 

54.  Podocerns  falcatns,  on  Breakwater. 

55.  Pironexrs  (fammaroides,  in  rock  pools. 

50.  Janksa  vapdlata,  on  Breakwater. 

57.  Kri(ddh(»}ias  ahditns. 

58.  Siphonvecctes  coUrtti. 

59.  Corophium  honclUi. 

00.  Phtiska  marina. 

(U.  on  Breakwater. 

02.  Pariamhiis  fi/pkiis,  on  Astrrias  ndx'us. 

08.  Caprella  Uncarts,  on  weeds,  Hydroids,  etc.  , 

04.  Caprcdla  acanthifcra,  on  weeds,  Hydroids,  etc.  | 

1 

Plate  VI.  ! 

Key  to  the  Chart,  showdng  the  distribution  of  the  Mollusca. 

FIG. 

1.  Anomia  ejAdpikam,  common  on  stones..  . 

2.  Pecten  varius,  small,  under  stones.  t 

8.  Pecten  ojjcrctdaris,  off  Castles  and  Bradda  Head.  | 

4.  Pecten  maximns,  small,  off  Castles.  ; 

5.  Mytilus  edidis,  in  crevices  of  rocks.  ] 

0.  Mytilns  modiolus,  small,  in  rock  pools. 

7.  Modiolaria  discors,  among  Corallina  in  pools. 

8.  Nucida  nucleus,  off  Bradda.  ; 

9.  Pectunci(li(s  glycimeris,  dead  but  fresh,  off  Castles.  ! 

10.  Montacuta  ferruyinosa,  on  Echinocardium,  in  sand.  | 

11.  Lascea  rubra,  in  empty  shells  of  Balanus.  | 

12.  Liicina  borealis,  dead  but  fresh,  not  common.  | 
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13.  Cavdmm  ecldnatiun,  10  fms. 

14.  Cardin  III  edide,  in  sand. 

15.  Cardinm  norregiciun,  dead  but  fresh,  off  Castles. 

16.  Virnns  exoleta,  dead  but  fresh,  off  Breakwater,  and 

Castles. 

17.  Venus  lincta,  dead  but  fresh,  off  Castles. 

18.  Venus  fasciafa,  in  sand. 

19.  Venus  easina,  off*  Castles. 

‘20.  Venus  fiallina,  in  sand. 

21.  Tctpes  riir/ineus,  off  Castles. 

22.  Tapes  pullasira,  in  muddy  gravel. 

23.  TeUina  halthiea. 

‘24.  Psammohia  ferroensis,  dead  but  fresh,  scarce. 

25.  Donax  vittatus,  in  sand. 

26.  Mactra  solida,  in  sand. 

27.  Mactra  stultorum,  scarce. 

28.  Lutraria  elllptica,  in  mud. 

29.  Scrobicularia  alba,  in  sand,  common. 

30.  Solen  ensis,  in  sand. 

31.  Solen  siliqua,  in  sand,  abundant. 

32.  Saxicava  rugosa,  off  Castles. 

33.  Ch  iton  alb  us,  under  stones. 

34.  Chiton  Icevis,  under  stones. 

35.  Patella  vulgata,  abundant. 

36.  Helcion  j^ellucidum,  on  Laminaria. 

37.  Teetura  testudinalis,  under  stones. 

38.  Emarginula  Jissura,  under  stones. 

39.  Trochus  magus,  along  N.  side  of  l)ay. 

40.  Trochus  cinerarius,  common. 

41.  Trochus  u}nbilicatus,  common. 

42.  Trochus  zizyphinus,  common. 

43.  Trochus  montacuti,  off  Castles. 

44.  Phasianella  pullus,  off  Breakwater. 

45.  Littorina  obtusata,  abundant. 
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4G.  Littorina  rndis,  abundant. 

47.  Littoiina  littorea,  common. 

48.  Lacmia  (Jlraricata,  S.  side  of  bay,  4 fms. 

4b.  Rissoa  parca,  common. 

50.  lUsHoa  c'DujiUnH,  off  Breakwater. 

51.  RiHHoa  Htriatiis,  off  Breakwater. 

52.  Odostomia  rnfa,  off  Breakwater. 

58.  Natica  alder  I,  off  Breakwater. 

54.  Lccniellaria  perspiciia,  under  stones. 

55.  Aporrhdis  pes-pelieani,  across  mouth  of  bay. 

56.  Purpura  lapillua,  abundant. 

57.  Buccinnm  undatum,  common. 

58.  Murex  erinaeeus,  under  stones. 

59.  Nassa  iucrassata,  under  stones. 

60.  Cpprcea  europcea,  under  stones. 

61.  Balia  hifdatis,  off’  Castles. 

62.  A pi  HHia  punctata,  across  mouth  of  bay  and  N.  side. 

68.  ArchidoriH  tid)crcalata,  on  rocks  and  boulders  in  winter 

and  spring. 

64.  Joraniia  jolnhstoai,  in  rock  pools. 

65.  LameUidoris  jtroxiuia,  under  stones. 

66.  Doris  diaphana,  under  stones,  rare. 

67.  (joniodoris  castanea,  under  stones. 

68.  Polycera  quadrilincata,  across  mouth  of  bay. 

69.  Ancula  cristata,  off  Breakwater. 

70.  Hcrnuea  deudritica,  in  rock  pools. 

71.  l>oto  coronata,  off  Breakwater. 

72.  Faeelina,  drummondi,  off  Breakwater. 

78.  Galvin  a tricolor,  off  Breakwater. 

74.  Gcdvina  cinyalata,  off’  Breakwater. 

75.  Repiola  atlantica,  across  mouth  of  bay. 

76.  Elcdonc  cirrosa,  occasionally  at  low  spring  tides. 
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Plate  VII. 

Key  to  the  Chart  showing  the  distrihution  of  the  Polyzoa 
and  Tunicata. 

1.  Gemdlaria  loricata,  off  Breakwater. 

‘2.  Cauda  {Scnipocdlaria)  reptaus,  on  boulders  and  off* 
Breakwater. 

3.  Scrupocdlaria  scrupea,  off  Bradda  Head  and  Break- 

water. 

4.  Bicdlarla  ciliata,  on  Breakwater. 

5.  Bugula  flahdlata,  off  Bradda  Head. 

6.  Bugida  calathus,  off  Bradda  Head. 

7.  Beania  mirahilis,  off  Breakwater. 

8.  Memhranipora  pilosa,  on  various  brown  algge. 

9.  Memhranipora  memhranacea,  on  Lauiiuaria  and  Fucus 

10.  Memhranipora  Uneata,  on  F/ici,  common. 

11.  Memhranipora  spinifera,  on  stones. 

12.  Memhranijwra  flemiugii,  on  stones  and  shells. 

13.  Schizoporella  spmiifera,  on  roots  and  stems  of 

Lauiiuaria. 

14.  Sehizoporella  unicoruis,  under  stones  and  on 

Laminaria. 

15.  Sehizoporella  hyaliua,  on  shells  and  stones. 

16.  Lepjralia  jiallasiana,  on  shells  and  stones. 

17.  Umhonula  verrucosa,  on  boulders  and  stones. 

18.  Mucronella  cocciuea,  on  stones  and  Laminaria. 

19.  Crisia  cormita,  under  surfaces  of  boulders. 

20.  Alcgonidium  hirsutnm,  on  alga;. 

21.  Flustrella  hispida,  on  Fuci. 

22.  Amathia  lendigera,  off  Breakwater. 

23.  Boiverhankia  imhricata,  on  Corallina  in  pools. 

24.  \ alkeria  uva,  on  L\ici  and  Corallina. 

25.  Pedicellina  cernua,  on  alga;  on  Breakwater  and 

Bradda  Head. 
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26. '  Botryllm  smaraydm,  under  stones  and  on  Lannimna. 

27.  Botri/llKs  violacens,  under  stones. 

28.  Botryllvs  schlosHcri,  under  stones. 

21).  Botrylloides  ndynuii,  under  stones. 

80.  Dintoma  rnhnnii,  in  shore  pools- 

81.  Morchellmm  aryiis,  on  stones  and  roots  of  Laminaria. 

82.  Morchellioides  alderi,  in  rock  pools. 

88.  Ajiiarouciitm,  prolifcrnm,  on  stones. 

84.  Leptoclinum  candidnm,  under  stones. 

85.  Leptoclinum  asperiun,  under  stones  and  on  al^tC. 

86.  Diplosoma  yelafinoHiim,  in  rock  pools. 

87.  Clavellina  lepadi/ormis,  in  Pat’s  Dub  and  off  Break- 

water. 

88.  Ciona  intestinalis,  in  rock  pools  and  off  Breakwater. 

89.  Ascidia  mentala,  off  Castles. 

40.  AscidieUa  aspersa,  on  stones  and  off  Breakwater. 

41.  Styelopsis  firossalaria,  off  Castles. 

42.  Molyula  ritrina,  under  stones. 

48.  Cynthia,  sp.  under  stones. 
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THE  LinHiPOOL  MAIIIAE  IHOLOGY 
COMMITTEE  (1900). 

R.  1).  Haebishihe,  Esq.,  13.A.,  E.O.8.,  Mancliester. 

Prof.  P.  J.  Harvey  Gibson,  M.A.,  E.L.vS.,  Liveipool. 

His  Excellency  Loro  Henniker,  Governor  of  tlie  Isle- 
of-Man. 

Prof.  MT  A.  Heroman,  D.Sc.,  E.P.S.,  E.L.8.,  Liverpool, 
Cliairman  of  the  L.M.B.C.,  and  Hon.  Director  of  the 
Biological  8tation. 

AY.  E.  Hoyle,  Esq.,  M.A.,  Owens  College,  Manchester. 

P.  M.  C.  Kermode,  Eeq.,  8ecy.,  Nat.  Hist.  8oc.,  Pvamsey, 
Isle-of-Man. 

A.  Leicester,  Esq.,  formerly  of  Liverpool. 

8ir  James  Poole,  J.P.,  Liverpool. 

Dr.  Isaac  Poberts,  F.P.8.,  formerly  of  Liverpool. 

I.  C.  Thompson,  Esq.,  F.L.8.,  Livei'pool,  Hon.  Treasurer. 
A.  0.  AA  ALKER,  Esq.,  F.L.8.,  J.P.,  Alaidstone. 

Arnold  T.  AVatson,  F.L.8.,  8hetheld. 


CONSTITUTION  OF  THE  L.AI.B.C. 

(Established  March,  1885.) 

I. — The  Object  of  the  L.M.B.C.  is  to  investigate  the 
Alarine  Fauna  and  Flora  (and  any  related  subjects  such 
as  submarine  geology  and  the  physical  condition  of  the 
water)  of  Liverpool  Bay  and  the  neighbouring  parts  of 
the  Irish  8ea  and,  if  practicable,  to  establish  and  maintain 
a Biological  8tation  on  some  conA^enient  part  of  the  coast. 
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II. The  Committee  shall  consist  of  not  moio  than  12 

and  not  less  than  10  members,  of  whom  2,  shall  form  a 
(quorum  ; and  a meeting  shall  be  called  at  least  once  a 
year  tor  the  i)urpose  of  arianging  the  Annual  Report, 
passing  the  Treasurer’s  accounts,  and  tiansacting  any 
other  necessary  business. 

Ill  the  year  the  Affairs  of  the  Committee 

shall  be  ooiuhioted  by  an  Hon.  1 Iihectoe,  who  shall  he 
Chainuau  of  the  Committee,  ami  an  Hon.  Tee.\suker, 
both  of  whom  shall  he  api)ointed  at  the  Annual  Meeting, 
and  shall  be  eligible  for  re-election. 

iV  V.iC.iNC'iKS  on  the  Committee,  caused  by 

death  or  resignation,  .shall  be  filled  by  the  election  at 
the  Annual  Meeting,  of  those  who,  by  their  work  on  the 
Marine  Biology  of  the  district,  or  by  their  sympathy  with 
science,  seem  best  fitted  to  help  in  advancing  the  work 
of  the  Committee. 

y __The  Expenses  of  the  investigations,  of  the  publi- 
cation  of  results,  and  of  the  maintenance  of  the  Biological 
Station  shall  be  defrayed  by  the  Committee,  who,  for  this 
purpose,  shall  ask  for  subscriptions  or  donations  from  the 
public,  and  for  grants  from  scientific  funds. 

VI. The  BioLOGic.lL  St.ition  shall  be  used  primarily 

for  the  Exploring  work  of  the  Committee,  and  the 
Specimens  collected  shall,  so  far  as  is  necessary,  be 
placed  in  the  first  instance  at  the  disposal  of  the  members 
of  the  Committee  and  other  specialists  who  are  reporting 
upon  groups  of  organisms ; work  places  in  the  Biological 
Station  may,  however,  be  rented  by  the  week,  month,  or 
year  to  students  and  others,  and  duplicate  specimens 
which,  in  the  opinion  of  the  Committee,  can  be  spared 
may  be  sold  to  museums  and  laboratories. 
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LIYEKPOOL  MAEINE  BIOLOGICAL  STATION 

AT 

PORT  ERIN. 


Laboratory  Regulatiox’S. 

I.  — -This  ILological  Station  is  lEEider  the  coEitrol  of  the 
Liverpool  MariEie  Biological  Committee,  the  executive  of 
which  coEisists  of  the  Hon.  Director  (Prof.  Herdman, 
F.R.S.)  aEid  the  Hoei.  Treasnier  (Mr.  I.  C.  ThompsoEi, 
E.L.S.). 

II.  — Iei  the  absence  of  the  ])irector,  and  of  all  other 
members  of  the  Committee,  the  Station  is  under  the 
temporaEy  control  of  the  Resident  Curator  or  Laboratorv 
Assistant,  who  will  keep  the  keys,  aEid  will  decide,  iEi  the 
event  of  any  difficulty,  which  places  aE‘e  to  be  occupied  by 
workers,  and  how  the  tanks,  boats,  collectiEig  apparatus, 
&.C.,  are  to  be  eEiiployed. 

III.  — The  Resident  Curator  will  be  ready  at  all 
reasonable  houE-s  and  with  Iei  reasonable  liEiiits  to  give 
assistance  to  workers  at  the  Station,  and  to  do  his  best 
to  supply  tlieEii  with  EiiateE'ial  for  their  iEiyestigations. 

lY. — Yisitors  will  be  adEiiitted,  oei  payment  of  a small 
s])ecified  charge,  to  see  the  AqiiariuEii  and  the  StatioEi,  so 
loEig  as  it  is  fouEid  not  to  iEiterfeE'e  with  the  scientihc 
woi-k.  OccasioEial  lectures  ai'e  giyeEi  by  ineEiibers  of  the 
( 'oniEiiittee. 

— Those  who  ai-e  entitled  to  woeL  iEi  the  StatioEi, 
when  theie  is  room,  aEid  after  formal  application  to  the 
Director,  are:  (I)  Annual  Subscribers  of  one  guinea  or 

upwards  to  the  funds  (each  guinea  subscribed  entitling  to 
the  use  of  a work  place  for  three  weeks),  and  (2)  others 
who  are  not  annual  subscinbers,  but  who  pay  the  Treasurer 
lOs.  per  week  foE*  the  accommodatioEi  and  priyileges. 
InstitutioEis,  such  as  Colleges  and  Museums,  may  becoEue 
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subscribers  in  order  that  a work  place  may  be  at  the 
disposal  of  their  stall  for  a certain  period  annually;  a 
subscription  of  two  guineas  will  secure  a work  place  for 
six  weeks  in  the  year,  a subscription  of  five  guineas  for 
four  months,  and  a subscription  of  £10  for  the  whole  year. 

VI.  — Each  worker*  is  entitled  to  a work  place  opposite 
a window  in  the  Laboratory,  and  may  make  use  of  the 
microscopes,  reagents,  and  other  aj)paratus,  and  of  the 
boats,  dredges,  tow-nets,  cS:c.,  so  far  as  is  compatible  with 
the  claims  of  other  workers,  and  with  the  routine  work  of 
the  Station. 

VII. — Each  worker  will  be  allowed  to  use  one  pint  of 
methylated  spirit  per  week  free.  Any  further  amount 
required  must  be  paid  for.  All  dishes,  jars,  bottles,  tubes, 
and  other  glass  may  be  used  freely,  but  must  not  be 
taken  away  from  the  Laboratory.  Workers  desirous  of 
making,  preserving,  or  taking  away  collections  of  marine 
animals  and  plants,  can  make  special  arrangements 
with  the  Director  or  Treasurer  in  regard  to  bottles  and 
preservatives.  Although  workers  in  the  Station  are  free 
to  make  their  own  collections  at  Port  Erin,  it  must  be 
clearly  understood  that  (as  in  other  Diological  Stations) 
no  specimens  must  be  taken  for  such  purposes  from  the 
Laboratory  stock,  nor  from  the  Aquarium  tanks,  nor  from 
the  steam-boat  dredging  expeditions,  as  these  specimens 
are  the  property  of  the  Committee.  The  specimens  in 
the  Laboratory  stock  are  preserved  for  sale,  the  animals 
in  the  tanks  are  for  the  instruction  of  visitors  to  the 
Aquarium,  and  as  all  the  expenses  of  steam-boat  dredging 
expeditions  are  defrayed  by  the  Committee,  the  specimens 
obtained  on  these  occasions  must  be  retained  by  the 

* Workers  at  the  Station  can  always  find  comfortable  and  con- 
venient quarters  at  the  closely  adjacent  Bellevue  Hotel ; but  lodgings 
can  readily  be  had  by  those  who  prefer  them. 
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Committee  [a)  for  tlie  use  of  tlie  specialists  working  at 
the  Fauna  of  Liverpool  Bay,  (h)  to  replenish  the  tanks, 
and  (c)  to  add  to  the  stock  of  duplicate  animals  for  sale 
from  the  LaboratoiAL 

Till. — Each  worker  at  the  Station  is  expected  to  lay  a 
paper  on  some  of  his  results — or  at  least  a short  report 
upon  his  work — before  the  Biological  Society  of  Liverpool 
during  the  current  or  the  following  session. 

IX. — All  subscriptions,  pa^unents,  and  other  communi- 
cations relating  to  finance,  should  be  sent  to  the  Hon. 
Treasurer,  Mr.  I.  C.  Thompson,  F.L.S.,  5d,  Croxteth 
Road,  Liverpool.  Applications  for  permission  to  work  at 
the  Station,  or  for  specimens,  or  any  communications  m 
regard  to  the  scientific  work  should  be  made  to  Professor 
Herdman,  F.R.S.,  University  College,  Liverpool. 


IREL.AN  O 


20  Faths 
50  Faths. 


LANCASHI RE 


IS  Fa.ths 


76  FcLths. 


so 
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Appexdtx  B. 


TIOX.  TUEASl  BKirS  STATKMKXT. 

As  usual  the  list  of  subscribers  and  the  balance-sheet 
are  appended. 

The  appeal  made  by  the  Director  in  a previous  Report 
for  an  additional  income  of  about  £100  per  annum,  to  be 
utilised  in  publishing  well-illustrated  papers  and  memoirs, 
embodying  the  results  of  local  biological  investigations, 
has  been  generously  responded  to  by  Mr.  F.  H.  Gossage 
and  by  Mrs.  Holt  by  donations  for  the  last  two  years  (see 
Report).  This  fund  is  being  separately  applied  for  the 
publication  of  a valuable  series  of  well-illustrated 
Biological  Memoirs  now  appearing,  the  accounts  of  which 
are  kept  distinct  from  the  L.M.B.C.  funds. 

The  Hon.  Treasurer  will  be  glad  to  receive  the  names 
of  new  subscribers,  with  the  \iew  of  continuing  these 
publications,  and  further  adding  very  materially  to  the 
already  excellent  work  achieved  under  the  auspices  of 
the  L.M.B.C.  since  its  foundation,  sixteen  years  ago. 


Isaac  C.  Thompsox,  Hon.  Treasurer. 
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SUBSCEIPTIONS  and  DONATIONS. 


Ayre,  John  W.,  Eipponden,  Halifax 
Bateson,  Alfred,  Harrop-road,  Bowdon... 
Bickerton,  Dr.,  88,  Eodney-street 
Bickersteth,  Dr.,  2,  Eodney-street 
Brown,  Prof.  J.  Campbell,  Univ.  Coll.  ... 
Browne,  Edward  T.,  B.A.,  141,  Uxbridge- 
road.  Shepherd’s  Bush,  London  ... 
Brunner,  Sir  J.  T.,  Bart.,  M.P.,  L’pool... 
Boyce,  Prof.,  Qniversity  College 
Byne,  L.  St.  George,  Norton  Manor, 
Taunton 

Caton,  Dr.,  86,  Eodney-street  ... 

Clague,  Dr.,  Castletown,  Isle  of  Man  ... 
Clubb,  J.  A.,  Public  Museums,  Liverpool 
Cole,  F.  J.,  Liverpool  (research  table)  ... 
Coombe,  John  N.,  4,  Paradise-square, 

Sheffield  

Comber,  Thomas,  J.P., Leighton, Parkgate 
Crellin,  John  C.,  J.P.,  Andreas,  I.  of  Man 
Gair,  H.  W.,  Smithdown-rd.,  Wavertree 
Gamble, Col.  C.B.,  Windlehurst,St.  Helens 
Gamble, F.W., Owens  College, Manchester 
Gaskell,  Frank,  Woolton  Wood  ... 
Gaskell,  Holbrook,  J.P.,  Woolton  Wood 
Gibson,  Prof.  E.  J,  Harvey,  Waterloo  ... 
Gotch,  Prof.,  Museum,  Oxford  ... 

Halls,  W.  J.,  35,  Lord-street 
Hanitsch,  Dr.,  Museum,  Singapore 


Subscriptions.  Donations . 
£ S.  d.  £ s.  d. 
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Harmer,  F.  W.,  Cringleford,  Norwich  ... 
Headley,  F.  W.,  Haileybury  College, 
Hertford 

Henderson,  W.  G.,  Liverpool  Union  Bank 
Herdraan,  Prof.,  University  College 
Hewitt,  David  B.,  J.P.,  Nortbwicli 
Holland,  Walter,  Mossley  Hill-road 

Holt,  Alfred,  Crofton,  Aigburth 

Holt,  Mrs.,  Sudley,  Mossley  Hill 
Holt,  E.  D.,  54,  Ullet-road,  Liverpool  ... 
Hoyle,  W.  E.,  Museum,  Owens  College 
Isle  of  Man  Natural  History  Society  ... 
Jarmay,  Gustav,  Hartford 
Jones,  C.W.,  J.P.,  Field  House, Wavertree 
Kermode,  P.  M.  C.,  Hill- side,  Eamsey  ... 
Lea,  Eev.  T.  Simcox,  St.  Ambrose  Vicar- 
age, Widnes  ... 

Lea,  Mrs.  T.  Simcox,  Widnes  ... 
Leicester,  Alfred,  Aston  Clinton,  Bucks 
Lewis,  Dr.  W.  B.,  West  Eiding  Asylum, 
W'akefield 

Manchester  Microscopical  Society 
Meade-King,  H.W.,  J.P..  Sandfield  Park 
Meade-King,  E.  E.,  4 Oldhall-street 
Meldrum,  T.  F.,  Ashley-road,  Bowdon... 
Melly,  W.  E.,  90,  Chatham-street 
Monks,  F.  W.,  Brooklands,  Warrington 
Muspratt,  E.  K.,  Seaforth  Hall  ... 
Newton,  John,  M.E.C.S.,  Prince’s  Gate 
Okell,  Eobert,  B.A-,  Sutton,  Douglas  ... 
Paterson,  Prof.,  University  College 
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Subscriptions.  Donations. 


’ £ s.  d. 
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-Eathbone,  Mrs.  Theo.,  Backwood,  Neston  110 
Eathbone,  Miss  May,  Backwood,  Neston  110 
Eatbbone,  W.,  Greenbank  ...  ...  2 
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Hampstead,  London 
Walker,  A.  O.,  Ulcombe  Place,  Maidstone 
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^"OTE  0^  THE  SPREAD  OF  THE  FULMAR 

( Fulmarus'  glacialis) . 

By  J.  Wiglesworth,  M.D. 

[Read  December  14th,  1900.] 


It  is  but  a sliort  time  ago— .less  indeed  than  a quarter  of 
a century — since  the  only  dviiown  breeding  station  for 
the  Fulmar  Petrel  in  the  British  islands  was  the  island 
group  of  St.  Kilda,  where,  however,  as  is  well  known,  it 
breeds  in  enormous  numbers,  and  constitutes  a valuable 
source  of  profit  to  the  natives  of  that  remote  locality. 

In  June,  1878,  however,  a small  colony  of  these  birds 
established  itself  on  • the  precipices  of  Foula,  the  most 
remote  and  inaccessible  island  of  the  Shetland  group,  and 
the  birds  have  now  become  fairly  plentiful  there, 
j Additional  colonies  have  since  been  established  in  Shet- 
I land — on  the  island  of  Papa  Stour  and  at  Eshaness  on.  the 
west  coast  of  the  mainland,  on  the  cliffs  of  Hermaness 
and  Saxaford  in  the  island  of  Unst  in  the  extreme  north, 

I 

i and  on  the  Noup  of  Noss  on  the  east.  The  above 

particulars,  which  I have  extracted  from  the  recently 
published  “ Yertebrate  Fauna  of  the  Shetland  Islands,” 
by  Buckley  and  Evans,  I am  able  to  supplement  from  my 
\ personal  observations,  as  last  year  (1899)  I had  the 
I pleasure  of  visiting  the  breeding  station  of  this  bird  on 
the  cliffs  of  Hermaness  in  the  island  of  Unst  in  the 
extreme  north  of  Shetland,  a few  details  of  which  may 
perhaps  prove  of  interest.  It  is  not  knowm  when  the 
Fulmar  first  established  itself  on  Hermaness,  but  it  may 
be  taken  as  certain  that  the  bird  did  not  breed  there  in 
Saxby’s  time.  When  I first  visited  that  locality  in  the 
[ summer  of  1895,  whilst  rowing  round  the  skerries  and 
I cliffs  on  the  northern  part  of  the  island,  I saw  a few 
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Fulmars  Hying  about  tlie  llermaness  range,  and  as  it  was 
then  early  in  June,  I thought  it  probable  that  they  might 
be  breeding  there,  though  I was  not  able  at  that  time  to 
verify  the  supposition.  The  birds  were  very  few  in 
number,  but  I only  visited  at  that  time  a poition  of  the 
elilf  range  where  the  birds  have  now  taken  up  their  abode, 
so  that  there  might  have  been  more  than  a])peared  at  first 
sight.  There  is  no  doubt,  however,  that  since  that  date 
the  bird  has  increased  very  considerably,  and  there  is  now 
a large  and  flourishing  colony  scattered  along  the  range 
of  the  Tleniianess  cliffs,  and  on  the  detached  and  semi- 
detached stacks  which  project  out  from  this  wild,  storm- 
beaten  coast  line.  Towards  the  end  of  May,  1899,  I made 
a careful  inspection  of  this  region,  spending  one  day  in 
working  the  cliffs  from  the  land  side,  and  on  the  following 
day  exploring  some  of  the  stacks  by  boat.  The  sitting 
birds  were  then  scattered  in  suitable,  and  for  the  most 
part  decidedly  inaccessible,  situations  along  this  range  of 
clifts  and  the  outstanding  stacks  for  a distance  of  a quarter 
of  a mile  or  more,  and  numerous  other  birds  were  con-, 
stantly  flying  around.  It  was  very  difficult  to  estimate, 
their  numbers  accurately,  some  portions  of  the  cliff  being 
entirelv  untenanted,  and  then  one  would  come  to  spots? 
where  several  birds  were  sitting  on  ledges  within  a few 
feet  of  each  other.  Probably  100  pair  would  be  a con- 
servative estimate  for  the  number  scattered  about  the, 
Hermaness  district,  and  I did  not  Ausit  the  cliffs  of, 
Saxaford  on  the  opposite  side  of  Parrafirth,  where,  as  1| 
have  before  stated,  another  fair-sized  colony  exists.  The'^ 
sitting  birds  Avere  seen  in  all  situations  on  the  face  of  the^ 
cliff,  and  some  Avere  occupying  turfy  banks  near  the 
bottom,  but  on  the  Avhole  it  seemed  to  me  that  the  most 
faA’oured  nesting  sites  w^ere  ledges  some  25  to  TO  feet  from 
the  top,  especially  in  places  Avhere  the  cliff  overhung 
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somewliat.  My  first  endeavours  to  get  at  the  nesting 
ledges  were  imsnccessful,  as  after  descending  some  20  feet 
by  the  aid  of  a rope,  and  getting  within  a dozen  feet  or 
so  of  some  sitting  birds,  I had  to  abandon  the  attempt 
owing  to  the  overhanging  nature  of  the  cliff,  and  the  very 
loose,  crumbly  character  of  the  foothold,  portions  of  the 
rock  being  detached  at  almost  every  step.  It  was  what  a 
Shetlander  would  call  a very  ‘‘  rotten  bank.”  The  birds 
sat  very  close,  and  were  with  difficulty  got  to  stir  except 
when  a missile  lit  almost  on  them.  The  following  day, 
however,  finding  some  occupied  ledges  some  25  feet  below 
the  top  of  one  of  the  stacks  where  the  rock  face  was 
perfectly  firm,  I was  able  to  descend  with  a rope  without 
difficulty,  and  obtained  several  eggs.  The  birds  did  not 
sit  quite  so  close  as  those  I had  endeavoured  to  get  at  the 
previous  day,  but  I observed  one  of  them  remain  at  her 
post  until  my  companion  got  within  about  10  feet  of  her, 
when,  before  leaving,  she  twice  ejected  from  her  mouth 
for  a distance  of  two  or  three  feet  the  thin  amber-coloured, 
oily  liquid,  which  the  bird  is  well  known  to  part  with 
under  these  circumstances.  The  liquid,  I may  observe, 
was  ejected  from  the  throat,  after  the  fashion  of  a regurgi- 
tation, and  not  squirted  through  the  nostrils,  as  the  older 
authors  asserted.  The  other  birds,  however,  on  this  set  of 
ledges  took  their  departure  without  going  through  this 
performance.  The  eggs  were  laid  on  broad  ledges,  which 
were  covered  with  a coarse,  sandy  detritus  and  small,  flat 
flakes  of  stone,  which  had  fallen  down  from  the  rocks 
above.  There  was  not  the  smallest  trace  of  a nest,  and 
there  was  merely  the  very  shallowest  depression  on  the 
sandy  detritus  on  which  the  single  egg  rested.  The  egg, 
indeed,  lay  as  open  and  exposed  as  a Guillemot’s  on  its 
rocky  ledge,  and  the  choosing  by  the  bird  of  ledges  covered 
with  this  coarse  detritus  had  probably  a relation  to  the 


88 


TRANSACTIONS  LIVKRrO(;L  HlOUXi ICAL  SOCIlCrV. 


I 

safety  of  the  egg,  which  would  luii  no  risk  of  rolling  off, 
as  it  would  do  if  the  surface  on  which  it  was  laid  weie 
})erfectly  smooth  and  bare,  after  the  fashion  of  the  Guille- 
mot’s nesting  ledge,  the  egg  of  the  Fulmar  not  having  the 
protective  shape  of  that  of  the  Guillemot  to  prevent  it 
from  rolling. 

d.  MacGillivray,  who  visited  St.  Kilda  in  1840,  states 
that  whilst  the  Fulmar  breeds  on  the  face  of  the  highest 
})recipices,  it  only  does  so  on  such  as  are  furnished  with 
small  grassy  shelves  ; and  Dixon,  who  visited  the  same 
locality  some  hfteen  years  back,  in  part  confirms  this,  foi- 
he  states  that  whilst  the  bird  also  bred  on  bare  ledges,  its 
favourite  nesting  sites  were  portions  of  cliff  where  a good 
layer  of  turf-clad  soil  was  present,  adding  that  the  bird  ^ 
appeared  to  prefer  to  burrow  a short  distance  into  the 
ground  whenever  possible.  The  observations  I have  just 
given  from  Hernianess  show,  however,  that  the  birds  take 
(|uite  as  readily  to  perfectly  bare  open  ledges  as  to  those 
covered  with  turfy  soil. 

All  the  eggs  taken  on  that  date  (May  2Gth)  were 
perfectly  fresh  and  clean,  so  that  the  birds  had  apparently  ; 
just  started  laying. 

In  addition  to  the  localities  already  given  in  the  Shet- 
lands,  I am  able  to  add  another  from  my  experience  of  ‘| 
last  summer  (1900)  in  the  extreme  south-west  of  that  ;| 
group;  for  in  dune  last,  whilst  rowing  round  the  clifts  in 
the  neighbourhood  of  Fitful  Head,  three  or  four  of  these  ji 
birds  flew  round  my  boat  for  some  little  time.  Although  || 
I was  not  able  to  detect  any  sitting  birds  on  the  cliffs,  I t 
feel  very  little  doubt  from  my  experience  of  other  1 
localities  that  they  were  nesting  there. 

The  facts  I have  just  given  point  to  a A ery  considerable 
and  very  remarkable  extension  of  the  breeding  range  of 
this  bird  Avithin  the  last  quarter  of  a century,  and  it  is  a 
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matter  of  interesting  conjecture  wliat  causes  have  operated 
to  bring  it  about,  for  so  far  as  we  can  judge,  the  usual 
causes  of  extension  of  range  of  a species  are  absent  in  this 
case.  We  are  familiar  with  many  instances  in  which 
birds  have  increased  notably  within  recent  times,  owing 
to  the  extension  of  favouring  conditions.  The  Missel 
Thrush,  for  example,  has  greatly  extended  its  range 
within  the  present  century  in  harmony  with  the  increase 
throughout  the  country  of  the  plantations  it  loves  to 
frequent;  and  similar  instances  might  be  given  of  wood- 
land birds,  such  as  the  Blackcap,  having  followed  the 
I planting  of  shrubberies  into  localities  where  they  had  pre- 
Auously  been  unknown.  But  in  all  such  cases  there  has 
(been  a change  in  the  environment  which  the  birds  have 
I taken  advantage  of,  and  no  such  explanation  is  applicable 
in  the  case  of  the  Fulmar. 

I The  beetling  clihs  of  Shetland,  which  are  now  in  process 
I of  being  colonised  by  these  birds,  are  the  same  now  as 
they  have  been  for  ages,  and  can  show  no  greater  attrac- 
tions at  the  present  time  than  they  presented  centuries 
^ago.  Xor  does  there  seem  any  reason  to  suppose  that  any 
I difference  in  the  food  supply  furnished  by  the  Shetland 
seas  can  enter  into  the  case,  for  though  the  stranded 
carcase  of  a dead  whale  is  said  to  have  attracted  the  first 
birds  to  Foula,  the  influence  of  this  is  at  least  very  pro- 
blematical, nor  would  it  account  for  the  continued  steady 
S})read  of  the  birds. 

Has  any  change  occurred  in  its  stronghold  at  St.  Kilda 
to  cause  the  bird  to  seek  out  fresh  breeding  haunts  ? Of 
This  I can  find  no  evidence.  It  is  true  indeed  that  the 
population  of  St.  Kilda  has  diminished  notaibly  since 
Martin’s  day,  when  the  islands  sujoported  180  persons  ; 
but  there  has  been  no  considerable  change  for  many  years 
past,  the  population  appearing  to  average  some  TO  to  80 
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souls.  And  so  far  as  I know  ilio  bird  is  as  nnudi  prized 
and  as  larg’ely  soii^’bi  after  by  the  St.  Kildans  as  (‘vei-,  and 
I know  of  no  evidence  in  favour  of  its  having  nuiltiplied 
there  beyond  its  usual  numbers  within  recent  times.  Hut 
there  is  indeed  no  ])roof  that  the  colonies  of  bulmars 
which  are  now  (vsiablished  in  Shetland  have  ever  come 
from  St.  Kilda.  Is  it  not  e(|ually  likely  that  they  may 
be  offshoots  from  the  vast  colonies  of  this  bird  which 
people  Iceland,  Spitzbergen,  and  other  places  in  the  far 
Aorth,  and  that  what  we  are  witnessing  is  a southern 
extension  of  the  breeding  range  of  this  species!^  It  this 
be  so,  it  is  at  least  a reasonable  conjecture  that  a climatal 
change  in  the  direction  of  greater  coldness  and  retardation 
of  the  springs  may  be  in  course  of  progress,  and  that  this 
is  at  the  bottom  of  the  phenomenon  we  are  considering. 
It  is  not  a very  comfortable  retiection  that  our  climate 
may  possibly  be  getting  colder,  but  the  evidence  in  favour 
of  it,  which  the  spread  of  the  Fulmar  suggests,  is  not’ 
altogether  conhned  to  that  bird.  There  are  certain  other 
northern  breeding  birds  which  have  only  been  discovered, 
to  breed  in  the  northern  parts  of  our  islands  within  com- 
paratively recent  times,  and  which  appear  to  be  now  on 
the  increase.  The  Snow  Hunting  [Flectro plie}ia,})  nivalis) 
is  a case  in  point.  First  discovered  to  be  nesting  in  Lust 
by  Saxby  in  the  year  18G1,  it  has  since  been  found  to 
breed  on  several  of  the  higher  Scotch  mountains,  and 
though  it  may  very  probably  have  bred  in  those  regions 
years  before  the  actual  discovery  of  the  nest,  there  seems 
no  doubt  that  the  species  is  now  on  the  increase  there| 
Some  of  the  northern  breeding  Ducks  again,  such  as  the 
common  Scoter  {Fuligula  nigra),  and  the  Groosandei 
(Mergus  merganser),  which  have  for  many  years  past  been 
known  to  breed  sparingly  in  the  Highlands,  chiefly  iii 
Sutherland  and  Caithness,  appear  to  be  on  the  increase 
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as  brPGcliiig’  spGCiGS,  tlioug'h,  th.e  possibility  in  tliGSG  cases 
of  the  increase  being  due,  in  part  at  any  rate,  to  additional 
even  if  unintentional  protection  afforded,  must  not  be  lost 
si  gilt  of. 

There  is  some  little  evidence  also  in  favour  of  the 
theory  here  suggested  from  another  standpoint..  There 
appears  to  be  a fairly  general  belief  in  Shetland  amongst 
shepherds  and  others  that  the  springs  are  now  colder  than 
used  to  be  the  case.  Vague  opinions  of  this  sort  are  no 
doubt  seldom  trustworthy,  but  I have  spoken  to  intelli- 
gent shepherds,  on  Voss  for  instance,  who  have  informed 
me  that  it  no  longer  paid  to  keep  sheep  as  formerly,  as 
owing  to  the  coldness  of  the  springs,  the  grass  was  so  late 
in  appearing  that  there  was  not  enough  food  for  the 
lambs.  Without  attaching  too  much  importance  to  it, 
this  opinion  is,  I think,  worth  recording,  for  so  far  as  it 
goes  it  tends  to  confirm  the  theory  I have  put  forward  as 
to  a climatal  change  being  at  the  bottom  of  the  extension 
of  the  breeding  range  of  such  birds  as  the  Fulmar  and  the 
Snow  Bunting. 

I do  not  wish  for  a moment  to  be  understood  as  con- 
sidering that  this  theory  is  in  any  way  proved,  for  the 
evidence  is  at  best  but  fragmentary,  and  the  facts  may 
admit  of  a wholly  different  interpretation  ; but  there  is 
at  least  the  possibility  that  it  may  be  true,  and  that  the 
spread  of  the  Fulmar  may  be  one  of  the  first  evidences 
of  the  change. 
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No.  V.  ALCYONIUM. 

J’.Y 

SYDNEY  J.  HICKSON,  M.A.,  D.Sc.,  F.R.S. 


Introduction. 

The  Order  Alcyonaria  is  represented  in  the  British  seas 
by  very  few  species  ; and  as  none  of  these  are  commonly 
found  between  tide  marks  nor  thrown  np  on  the  beach  by 
storms,  they  are  very  little  known  to  the  general  public. 
The  Alcyonarian  which  is  best  known  to  the  public  isj 
the  precious  coral  of  commerce,  Cor  allium  rubrum,  from, 
the  Mediterranean  Sea,  but  other  Alcyonarians,  such  as^ 
the  Organ  pipe  coral  (Tubi'pora),  the  Blue  corab 
[lleliopora),  the  Sea-fans  (Grorgonacea)  and  the  Sea-pens 
(Pennatulacea)  are  familiar  objects  in  our  Zoological 
Museums.  . 

When  a living  Alcyonarian  is  examined  in  sea-water  a^ 
number  of  tubular  radially  symmetrical  bodies  are  seem 
to  project  from  the  surface,  each  of  which  is  provided  ah 
its  free  extremit}"  with  eight  pinnate  tentacles  arranged^ 
in  a circle  round  a slit-like  mouth.  When  the  water  is 
disturbed,  or  the  Alcyonarian  removed  from  the  water, 
these  bodies  slowly  retract  beneath  the  surface  of  the 
coral,  until  their  presence  is  indicated  only  by  an  eight- 
rayed  star-like  aperture.  These  bodies  are  usually  called 
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the  polyps,  and  they  undoubtedly  possess  many  features  of 
general  resemblance  to  the  well-known  fresh-water  polyp 
Hydra.  A critical  examination  of  the  anatomical 
structure  of  the  Alcyonarian,  howeyer,  proyes  that  the 
name  polyp  ” is  misapplied  in  this  case,  for  the  bodies 
referred  to  only  correspond  with  a part  of  the  polyp  of 
the  Hydra,  namely,  the  free  end  with  the  crown  of 
tentacles,  the  greater  part  of  the  fixed  or  proximal  end 
of  the  Alcyonarian  polyp  being  buried  in  the  massiye 
substance  of  the  coral.  A' e haye,  in  other  words,  two 
parts  in  the  body  of  the  Alcyonarian  polyp,— (i.)  a part 
which  is  free  and  can  be  retracted  or  expanded  at  will, 
and  (ii.)  a part  which  is  attached  and  firmly  welded  to  the 
corresponding  parts  of  neighbouring  polyps. 

With  this  explanation  of  the  general  structure  the 
reader  is  prepared  to  understand  the  critical  or  diagnostic 
features  by  which  a giyen  specimen  may  or  may  not  be 
referred  to  the  Order  Alcyonaria. 

The  Alcyonaeia  are  Coelenterata  which  (with 
one  or  two  rare  exceptions)  form  colonial 
organisations  by  budding.  The  individual  polyps 
composing  the  colony  are  provided  with  eight 
tentacles  at  their  free  extremity,  and  each  of  these 
tentacles  is  provided  with  two  or  more  rows  of 
papilliform  processes  called  pinnules,  giving  the 
tentacles  a feathered  or  pinnate  form. 

The  form  which  the  Alcyonarian  colony  takes  yaries 
immensely  in  the  different  families  into  which  the  Order 
is  diyided ; some  being  encrusting  plates,  some  lobular  in 
form,  some  shrubby,  some  mushroom  shaped,  and  so  on, 
but  a detailed  description  of  these  forms  would  take  me 
beyond  the  scope  of  this  memoir.  The  important  point  to 
note  here,  howeyer,  is  that  although  there  is  a remarkable 
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similarity  in  tlie  form  of  the  polyps  of  any  one  species, 
the  shape  of  the  colony  has  wide  limits  of  possible 
variation,  and  consequently  a definition  of  it  is  almost 
impossible. 

In  other  respects,  too,  the  species  vary.  The  colour,  for 
example,  is  sometimes  constant,  but  more  o^enerally  sub- 
ject to  considerable  variation,  and  the  spicules,  which  are 
often  very  characteristic  in  form,  moie  frequently  are 
subject  to  modification  in  size  and  form  from  that  which 
is  regarded  as  typical  of  the  species. 

The  reproduction  of  the  Alcyonarians  is  remarkably 
constant.  A few  species  are  viviparous,  the  young  being 
born  as  solid,  oval,  ciliated  larvse,  which  swim  away  and 
then  settle  down  to  found  a new  colony.  In  the  majority 
of  cases,  however,  the  eggs  and  sperms  are  discharged 
into  the  water  simultaneously  by  the  male  and  female 
colonies,  fertilisation  is  effected  in  the  water,  and  solid 
oval  embryos  are  produced  similar  to  those  of  the 
viviparous  species.  Xo  other  larval  form  is  known  in  the  . 
group,  and  nothing  occurs  in  the  development  of  any ; 
species  of  the  nature  of  an  alternation  of  generations.  ^ 

With  the  exception  of  the  Precious  Coral,  the  axis  of? 
which  is  used  by  jewellers,  none  of  tbe  Alcyonarians  have ' 
any  market  value.  iS^or  do  the  Alcyonarians,  so  far  as 
we  know  at  present,  form  an  important  article  of  food  for 
fish  or  indeed  any  other  marine  animals.  It  is  true  that  ^ 
occasionally  fragments  of  Pennatulids  are  found  in  the  | 
stomachs  of  Codfish,  but  there  is  no  reason  to  believe  that  | 
they  form  a frequent  nor  a favourite  diet.*  It  is  possible 'j 
that  at  the  spawning  period  of  the  Alcyonarians  many  of 
the  eggs  and  embryos  are  devoured,  but  of  this  there  is  at 

present  no  definite  evidence. 

* The  Haddock  is  sometimes  found  with  pieces  of  the  Penuatulid 
Virgularia  in  its  stomach.  Vide  A.  M.  & W.  F.  Marshall,  Report  on  the 
Ohan  Pcnnatulida,  Birmingham,  1882. 
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I Alcyonium  digitatum. 

! This  species  has  a very  wide  distribution  in  the  British 
[area,  and  may  be  regarded  as  one  of  the  most  abundant 
I of  British  marine  animals,  as  it  appears  to  be  capable  of 
' adapting  itself  to  a very  great  range  of  natural  condi- 
jtions;  but  although  so  common,  it  is  not  found  in  many 
I places  at  low  tides.  It  is  found  in  great  numbers  growing 
I on  the  shells  of  Pectens,  Cardiums,  and  other  Mollusca 
I on  sandy,  gravelly  or  shelly  trawling  grounds.  It  occurs 
I attached  to  rocks  which  are  exposed  at  low  tides,  and  even 
j on  iron  pillars  of  piers  just  below  low- water  mark,  and 
I encrusting  worm  tubes  on  muddy  bottoms.  Its  vertical 
range  extends  from  shallow  water  to  a denth  of  383 
fathoms  (“Caudan”),  but  probably  depths  of  35-40  fathoms, 
i.e.,  the  usual  limit  of  wave  action  (as  Allen  has  pointed 
out)  are  most  suitable  for  its  maximum  growth  and 
development.  Geographically  it  extends  from  the  coast 
of  Aorway  (Hardanger  fjord)  to  the  Bay  of  Biscay,  and 
it  seems  probable  that  there  is  no  considerable  extent  of 
I the  British  area  which  is  free  from  it.  I am  indebted  to 
Mr.  Chadwick  for  the  following  notes  as  to  the  distribution 
of  Alcyonium  digitatum  in  the  L.M.B.C.  district.  “ Yery 
small  colonies  are  sometimes  found  at  extreme  low-water 
, mark  in  Port  Erin  Bay,  and  large  ones,  of  both  colour 
varieties,  occur  in  large  numbers  on  the  blocks  of  con- 
crete forming  the  now  ruined  breakwater.  We  occa- 
sionally dredge  colonies  from  depths  of  12  to  15  fathoms 
in  this  neighbourhood.  I have  seen  several  very  fine  ones 
brought  up  on  the  long  lines  used  by  our  fishermen.  The 
greatest  depth  of  which  we  have  a record  is  21  fathoms,  on 
North  Bank,  T miles  W.  of  Peel.  It  is  pretty  generally 
distributed  all  round  the  Manx  coast.  Alcyonium  used  to 
be  abundant  and  the  colonies  of  large  size  on  some  reefs 
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of  sandstone  exposed  only  at  Ihe  lowest  tides  at  Ililbrn 
Island.  It  is  still  to  be  found  there,  but  in  diminishing 
quantity,  owing  to  the  increase  of  sewage  and  chemical 
refuse  in  the  river  Dee.  Small  colonies  occur  rarely  at 
extreme  low  water  iiiark  on  the  beach  at  Deauniaris,  and 
large  ones  may  be  found  at  the  same  level  in  the  caves  on 
the  N.  side  of  Puffin  Island.  I have  dredged  well-grown 
colonies  from  depths  varying  from  f)  to  10  fathoms  in  the  i 
Menai  Straits.  Red  IVharf  Ray,  Anglesey,  depth  4 to 
7 fathoms,  is  another  Welsh  locality.”*  An  account  of 
the  distribution  of  Alcyonium  in  the  Plymouth  district  is  ■ 
given  by  Mi-.  P.  J.  Allen  in  the  Journal  of  the  Marine 
Riological  Association,  Tol.  Y.,  Ao.  4,  1899.  j 

The  size  of  the  colony  varies  from  that  of  a small  > 
pin’s  head  to  six  inches  or  more  in  height  by  eight 
inches  in  breadth,  according  to  the  age  of  the  colony 
and  the  number  of  polyps  of  which  it  is  composed.  The 
shape  also  varies  very  considerably.  In  the  Plymouth 
district  I found  the  smallest  forms  to  be  flat  encrusting  ; 
plates,  which  soon  become  convex  above,  and  then  grow  ! 
into  dome-shaped  and  later  spherical  lumps,  and  similar  , 
stages  are  found  at  Port  Erin  and  elsewhere.  Until  the  ' 
colony  reaches  a height  of  4 inches  from  the  support  on 
which  it  grows  it  is  not  branched,  but  the  larger  specimens 
are  divided  terminally  into  2,  3,  4,  5 or  6 blunt  lobes  . 
which  have  a very  rough  resemblance  to  large  human  j 
toes  (Plate  I.,  figs.  I and  2).  As  these  lobes  are  nearly  ,| 
always  arranged  in  one  plane  the  popular  name  of  Dead  ! 
men’s  toes  ” has  been  applied  to  the  species.  j 

The  method  of  growth  of  the  colony  which  is  given  here 
is  not  constant ; but  no  systematic  investigation  has  yet 
been  made  of  the  laws  which  govern  the  growth  of  this 

See  also  Herdman,  L.M.B.C.  Report  No.  I,  1886,  on  the 
Alcyonaria  of  L.M.B.C.  district.  ^ 
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uicl  other  genera  belonging  to  the  Alcyonaria.  The 
"olonies  which  grow  on  worm  tubes  seem  to  require  a 
Droader  base  than  the  others,  and  several  specimens  have 
been  obtained  which  appeal*  to  be  mainly  encrusting 
olates,  the  vertical  growth  being  relativel}^  very  slight, 
rhe  specimens  which  grow  on  rocks,  on  the  other  hand, 
usually  exhibit  a much  narrower  base  of  support,  grow 
'apidlv  in  height  and  branch  earlier  and  more  freely  than 
hirers. 

The  colour  is  usually  pale  tlesh-colour  when  the  colony 
's  fresh,  but  this  soon  fades  in  an  aquarium,  and  the 
mlonv  becomes  white.  Many  freshly-caught  colonies 
trom  Plymouth  Harbour  were  quite  pale  when  brought 
nto  the  laboratory,  but  perhaps  their  conditions  of  life 
vvere  not  perfectly  healthy.  A yellow  variety  of  several 
dnts  is  frequently  found.  I have  obtained  specimens  of 
t from  the  West  Coast  of  Scotland,  Port  Erin,  Puffin 
Island,  the  Bristol  Channel  and  elsewhere.  This  colour 
s due  to  a fixed  pigment  in  the  spicules,  and  it  shows  no 
ippreciable  change  after  years  of  immersion  in  spirit 
\t  Port  Erin  there  are  two  distinct  tints  of  the  yellow 
rariety  recognised,  the  one  paler  and  the  other  a dee]) 
irange.  I do  not  think  that  a red  colour  in  the  spicules 
3ver  occurs  in  this  (Species.  The  red  Alcyonium  dis- 
mvered  by  Couch  off  the  coast  of  Scotland  is  Alcyonium 
fl omeraium,  of  Hassall,  and  is  distinct  from  A.  (ligitatum, 
Linn,  in  various  respects. 

I Eeproductiox, 

Alcyonium  digitatum  is  always  dioecious.  No  herma- 
phrodite colonies  have  yet  been  observed.  The  eggs, 
when  ripe,  are  of  a yellowish-red  colour,  and  are  dis- 
3harged  into  the  water  by  the  mouths  of  the  polyps 
which  bear  them.  At  the  same  time  of  the  year 
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the  ripe  sacs  of  tlic  males  wtiicli  are 

always  milky  white  in  colour,  and  can  therefore  hei 
readily  distiiio-uislied  from  the  ova,  discliai-^-e  ^-reatj 
(plan titles  of  sjaninatozoa  into  the  body  cavity,  and  tlumce' 
hy  wav  of  the  mouth  into  the  water,  l^'ertilisation  is 
most  probably  effected  in  the  water,  and  not  in  the  bodv 
cavity  of  the  female  just  before  the  discharge  of  the  ova. 
If  this  is  the  case,  the  sexual  act  is  a true  process  of 
spawning. 

The  exact  time  of  spawning  may  vary  in  different 
localities.  In  the  IMyniouth  district  I have  found,  as  a 
result  of  a six  years’  series  of  observations,  that  the 
spawning  always  occurs  during  the  last  fortnight  in 
December  and  the  first  fortnight  in  Januaij,  and  at  no 
othei"  time  of  the  year.  At  Port  Erin  the  spawning  may. 
be  somewhat  later,  as  I have  examined  larvm  captured 
with  the  Plankton  at  Easter,  which  I feel  certain  are  the 
lar  VcC  of  Alcyoniam  (Hyitatuni. 

Anatomy  of  the  Colony.  • 

When  a colony  of  Alcyoniam  is  cut  across  (Plate  I., ' 
fig.  5)  it  will  be  seen  to  consist  mainly  of  a number  of! 
parallel  tubes  perforating  a semi-transparent  gelatinous' 
sulistance  in  ^ybich  a number  of  small  calcareous  spicules 
are  imbedded.  Each  of  these  tubes  is  the  bodv  cavity — i 

♦ t.  I 

or  coelenteron — of  a polyj),  and  the  gelatinous  substance  ! 
is  the  mesogloea  of  the  polyps  fused  together  into  aj 
common  mass.  i 

When  the  colony  is  aliye  and  in  a healthy  condition^ 
a number  of  delicate  transparent  polyp  heads  protrude  ' 
from  the  surface  of  the  colony.  Each  of  these  is  provided  • 
with  a mouth  and  eight  pinnate  tentacles,  and  the  body- 
wall  below  the  crown  of  tentacles  encloses  a single  large 
cavity,  which  is  continuous  with  the  cavity  of  the  tubes>v 
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jabove-mentioned.  A careful  examination  of  the  body- 
jivall  of  the  polyp  heads  with  a microscope  (PI.  II.,  fig.  15) 
li’eveals  the  fact  that  it  consists  of  three  layers,  an  outer 
|laYer  of  cells — the  ectoderm,  a middle  homogeneous  layer 
— the  mesogloea  and  an  inner  layer  of  cells — the  endo- 
Iderni.  If  these  three  layers  be  traced  down  to  the  surface 
of  the  colony  it  Avill  be  found  that  the  ectoderm  is  con- 
tinued over  the  general  surface  of  the  colony  as  a coYering 
or  protective  sheath,  that  the  mesogloea  is  continuous 
with  the  gelatinous  mass  or  mesogloea  common  to  the 
individuals  composing  the  colony,  and  that  the  endoderm 
forms  an  inner  lining  to  the  tubes  almost  to  the  base  of 
the  colony. 

The  colony  then  is  formed  of  a number  of  individuals, 
each  of  which  consists  of  two  parts — a greater  part  below 
bound  to  its  neighbours  in  a common  mesogloea,  and  a 
smaller  part  above  which  is  free. 

This  latter  part  can  be  introverted  into  the  foimei 
for  protection— in  much  the  same  way  as  the  head  of  the 
tortoise  can  be  withdrawn  into  the  shelter  of  the  carapace 

and  it  may  be  distinguished  by  the  name  “ anthocodia 

'suggested  by  Mr.  Bourne.  When  the  “anthocodia”  is 
retracted  the  aperture  of  the  tube  or  false  mouth  can  be 
constricted  and  closed  so  as  to  give  complete  protection 
to  the  polyp,  as  seen  by  reference  to  Plate  I.,  fig.  3,  in 
which  a series  of  stages  of  the  retraction  of  the  anthocodise 
is  illustrated.  This  power  which  the  colony  possesses  of 
completely  closing  the  “false  mouths”  of  the  polyps  is 
of  some  physiological  interest,  as  it  enables  each  poh  p of 
ithe  colony  to  retain  in  its  cavity  a sufficient  supply  of 
sea-water  to  maintain  its  vitality  for  a few  houis 
when  the  tide  is  exceptionally  low  and  the  colony 
is  exposed  to  the  air.  Without  this  power  the  delicate 
cells  which  cover  the  tentacles  and  body  - wall  of 
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the  aiitliocodia^  would  be  very  quickly  killed  when  the 
colony  is  taken  from  the  sea.  As  it  is,  colonies  of 

Alcyorniim  will  retain  their  vitality  for  two  or  three  davs 
if  packed  in  dani])  seaweed. 

The  number  of  the  polyps  in  each  colony  inci-eases  with 
its  age,  young  buds  being  formed  between  the  older 
polyps  all  through  the  life  of  the  colony.  Each  of  these 
buds  is  formed  from  an  outgrowth  of  one  of  the  superficial 
canals  (which  may  be  seen  to  ramify  in  the  mesogloea 
near  the  surface  of  colony — PL  I.,  fig.  3)  joining  a 
cori'esponding  depression  from  the  ectoderm  at  the  surface. 
'Hie  young  poly])s  thus  formed  remain  in  communication 
with  the  neighbouring  older  ])olv])s  by  the  canal  through- 
out life,  but  no  new  canalicular  communications  with 
these  older  polyps  are  formed  at  a later  period  excepting 
quite  close  to  the  surface.  The  connection,  therefore, 
between  the  polyps  composing  the  colony  is  that  repre- 
sented in  Plate  I.  fig.  5.  The  cavities  of  the  older  polyps 
are  here  seen  to  extend  to  the  base  of  the  piece  that  is 
represented  in  section,  the  cavities  of  the  younger  polyps 
are  connected  at  their  bases  with  them  by  short  canals, 
and  these  in  their  turn  mav  be  connected  with  the  bases 

' X 

of  still  younger  polyps  in  a similar  mannei-.  j 

The  colonial  mesogloea  a])pears  to  be  at  first  sight  a jj 
homogeneous  substance,  but  an  examination  with  a simple  | 
magnifying  lens  shows  that  it  bears,  firstly,  a number  of  | 
small  white  calcareous  l)odies  called  “ the  spicules,”  I 
secondly,  the  canals  above-mentioned,  and,  thirdly,  a | 
number  of  very  fine  branching  lines  which  might  be  | 
misiaken  for  capillary  tubes. 

(i.)  The  spicules  are  small  bodies  varying  in  size  ■ 
according  to  their  age,  but  when  fully  formed  0'l-()’3mni.  I 
in  length.  They  are  composed  of  calcium  carbonate  with  f 
a sparse  organic  matrix.  They  vary  very  considerably  in  ji 
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I .shape  belonging  to  the  categories  which  specialists  call 
I “ wartecl  spindles”  (PI.  III.,  tig.  21),  dnnib-bells  (tig.  22), 
i Ivs  (tig.  23),  and  simple  crosses.  They  are  formed  in  cells 
j bndded  oil  from  the  snperticial  ectoderm,  and  are  only 
i newly  formed  at  the  surface.  This  accounts  for  the  fact 
j that  they  are  always  much  more  crowded  at  the  surface 
■ than  they  are  in  the  more  deep-seated  parts  of  the  colony, 

! and  also  for  the  fact  that  in  the  deeper  parts  the  spicules 
are  always  of  full  size. 

(ii.)  The  canals  are  seen  most  clearly  near  the  surface 
‘I  of  the  colony  (Plate  I.,  hg.  3).  They  have  a sinuous  course 
and  appear  to  anastomose  freely.  They  probably  serve  the 
I purposes  of  distributing  nourishment  and  of  maintaining 
; an  equilibrium  in  the  water  pressure  of  the  polyp  cavities, 
(iii.)  The  fine  lines,  which  look  like  capillary  tubes, 
really  consist  of  strings  or  rows  of  cells.  They  have  no 
1 lumen,  and  consequently  cannot  serve  the  purpose  of 
transmitting  the  circulating  fluids  of  the  body.  AVe  have 
no  definite  knowledge  of  their  function,  but  it  is  probable 
that  they  are  mainly  concerned  in  the  secretion  of  the 
mesogloea. 

Axatomy  of  the  Polyps. 

* The  structure  of  the  anthocodia)  can  only  be  satisfac- 
: torily  studied  when  they  are  fully  expanded.  When  re- 
! tracted  the  several  organs  are  so  tightly  compressed  that  a 
correct  interpretation  of  their  structure  is  quite  impossible. 
When  fully  expanded  each  anthocodia  exhibits  a ter- 
minal slit-shaped  mouth  (PI.  I.,  fig.  4)  surrounded  by  a 
' crown  of  eight  tentacles.  The  tentacles  have  a row  of 
short  papilliform  processes  on  each  side,  giving  them  what 
! is  called  a pinnate  form.  The  shape  of  the  tentacles 
I changes  every  moment,  slowly  extending  and  retracting 
or  bending  inwards  and  outwards  as  they  are  stimulated 
by  minute  particles  floating  in  the  water.  In  the  living 


102 


Tlt.VNSACTlOXS  L I V KR  P()(  )L  HI()L(J(;iCA  L SOCIKIA'. 


(‘onditjoii  tlie  tentacles  and  body  wall  of  the  antJiocodia* 
are  very  traiispai’ent,  and  many  features  of  ilie  anatomy 
can  be  seen  witlioiit  dissection.* 

Tlie  details  of  anafomy  lliaf  can  be  seen  in  a liviiiL^ 
antliocodia  are  as  follows  : — From  tlie  mouth  there  hann’s 

o 

down  into  the  body  cavity  a short  opa(|iie  throat — the 
stomodaiiim  {St.) — which  opens  freely  below.  At  this — 
the  lower — aperture  six  short  sinuous  cords,  the  mesen- 
terial filaments,  arise  attached  to  the  free  edges  of  six 
yery  thin  vertical  plates — the  mesenteries  (conf.  PI.  I., 
hg.  4,  PI.  II.,  fig.  15,  Mst.) — and,  in  addition,  there  are  two 
cords  which  pass  straight  down  into  the  cavity  of  the 
polyp  attached  to  the  free  edges  of  the  two  remaining 
mesenteries.  These  two  straight  cords  are  called  the 
dorsal  mesenterial  filaments,  and  the  mesenteries  which 
support  them  the  dorsal  mesenteries.  The  other  mesen- 
teries are  called  the  dorso-laterals,  ventro-laterals  and 
ventrals  respectively. 

Further  details  can  only  be  studied  in  preparations 
made  for  microscopic  examination. 

Aematocy.sts. — The  pinnules  of  the  tentacles  bear  a 
number  of  very  minute  stinging  organs — the  neniatocysts. 
They  are  extremely  small  (0'00T5mm.  in  length),  and  may 
be  easily  overlooked.  They  are  oval  in  shape,  and  when 
irritated  discharge  a plain  unarmed  thread  (PI.  II.,  figs. 
8,  9,  10  and  II).  Each  nematocyst  is  formed  within  a 
specialised  ectodermal  cell  called  the  “ cnidoblast.'’ 

The  Stomoi)*eum  is  lined  internally  by  a columnar 
ciliated  epithelium,  usually  thrown  into  a number  of  folds 
in  the  preparation.  On  one  side  there  is  a groove  lined 
by  specialised  epithelium  armed  with  relatively  long 
* The  transparency  varies  in  specimer)s  from  different  localities.  In 
some  cases  there  are  so  many  spicules  in  the  antliocodia  that  the  trans- 
parency is  very  considerably  diminished,  The  figure  4 in  Plate  I.  was 
drawn  from  a Plymouth  specimen. 
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)owerful  cilia.  This  groove  is  the  siphonoglyph  (PI.  II., 

Lg.  6).  The  siphonoglyph  indicates  the  position  of  the 
entral  side  of  the  polyp. 

The  Meseyteeies. — The  mesenteries  are  in  the  greater 
)art  of  their  course  very  thin,  consisting  of  two  layers  of 
‘iidoderin  cells  covering  a thin  sheet  of  mesogloea.  In 
he  region  of  the  stomodsenm,  however,  they  exhibit  longi- 
ndinal  thickenings  or  ridges  which  support  the  mnscnlar 
ibres  that  are  principally  concerned  in  the  retraction  of 
die  anthocodia.  The  arrangement  of  these  thickenings 
s very  characteristic.  They  are  all  situated  on  the  veiitial 
faces  of  the  mesenteries,  so  that  in  a transverse  section 
the  muscle  ridges  on  the  ventral  mesenteries  are  face  to 
face,  and  on  the  dorsal  mesenteries  they  are  back  to  back 
(Plate  IT,  tig.  6). 

In  the  last  six  months  of  the  year  all  the  mesenteries, 
with  the  exception  of  the  two  dorsals,  bear  a consideiable 
number  of  spherical  bodies  which  are  ova  or  sperm  sacs 
according  to  the  sex  of  the  colony  (Plate  III.,  tig.  -^0). 

The  two  dorsal  mesenterial  filaments  run  straight  down 
from  the  lower  end  of  the  stomodseum  into  the  depths  of 
the  polyp  cavities.  In  the  cavities  of  the  older  pol3/ps 
they  may  be  traced  almost  to  the  base  of  the  colony.  I he 
epithelium  cdvering  these  filaments  is  columnar  and 
ciliated,  the  cilia  producing  in  life  a current  of  water 
riowing  towards  the  stomodaeum.  The  other  mesenterial 
filaments  are  of  a perfectly  ditferent  nature  (PI.  II.,  fig. 
15).  They  are  much  shorter  than  the  dorsal  filaments, 
and  are  covered  by  an  epithelium  densely  packed  with 
gland  cells.  Their  function  is  to  secrete  a digestive  juice 
upon  particles  of  food  which  pass  through  the  stoniodseum. 

The  Exhoderm  lining  the  ccelenteric  cavity  in  the 
anthocodia  is  composed  of  ciliated  cubical  cells  closely 
packed  to  form  an  epithelium.  In  the  lower  parts  of  the 
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lul)e  Ihe  Rolls  aro  not  so  ti^'htl^y  ])a(*,k(Ml,  and  eardi  ono 
bears  at  its  base  a process  (‘ontaining'  a inyophan  tlii-ead 
(PI.  II.,  bg.  12).  ddiese  threads  are  so  ari-aiiged  as  to 
form  a circular  muscle  band  by  the  constriction  of  \vbi(di 
the  diameter  of  the  tube  may  lu'  diminished. 

It  is  a perfectly  easy  operation  to  scra])e  away  on  to  a glass 
slide  a number  of  the  endodermal  myo-epithelial  cells  bi 
Alajonium,  and  mount  them  for  mici‘oscopi(*.  examination. 
.\s  a matter  of  fact  they  afford  us  the  most  readily 
accessible  example  of  this  kind  of  cell  which  can  be 
procured. 

dbiE  XEiua)rs  System  of  AUyoniiim  can  only  be  d(^- 
monstrated  in  sections  that  liave  been  si)ecially  pre])a]‘ed. 
It  consists  of  a few  minute  star-like  cells  situated  in  the 
mesogloea  close  to  the  eiidoderm  and  ectoderm  layers  of 
the  polyps,  connected  together  by  veiy  fine  anastomosing 
nerve  fibrils. 

Mesooloea. — The  substance  of  the  mesogloea  is,  acconl- 
ing  to  Brown,  chiefly  composed  of  a H^mlogen.  Previous 
to  the  conversion  of  the  Ilyalogen  into  Hyalin  it  yields  a 
Mucin.  It  does  not  contain  Grelatine,  and  consequently 
to  speak  of  it  as  a gelatinous  structure  is  liable  to  mis- 
interpretation. 

Sexual  Ougaxs. — In  the  month  of  April  several 
mesenteries  bear  close  to  their  free  borders  little  groups 
of  cells  derived  from  the  endoderni.  These  cells  give  rise 
to  the  sexual  cells,  and  at  this  stage  the  sexes  cannot  be 
distinguished.  Later  in  the  year  the  groups  of  cells 
become  differentiated.  In  the  females  the  protoplasm  of 
the  cells  composing  a group  fuses  into  a common  mass, 
the  nuclei  diminish  in  number,  and  at  length  there 
remains  only  one  large  spherical  cell  with  one  nucleus 
(See  PI.  III.,  fig.  19).  This  cell  is  a young  ovum.  It 
grows  very  slowly  in  size,  and  spherical  globules  of  some 
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□ nd  of  fatty  food  material  wliicli  we  may  call  yolk, 
Lppear  in  its  cell  substance.  The  only  other  changes  that 
ake  place  during  the  last  six  months  of  the  year  are  the 
i}>pearance  of  a yellowish  red  pigment  at  the  periphery 
iiid,  in  the  last  month,  the  transit  of  the  large  nucleus  to 
)iie  side  of  the  ovum  (Plate  II.,  fig.  V\).  In  the  males 
he  group  of  primary  sexual  cells  that  are  , formed  on  the 
nesenteries  in  the  spring  undergo  rapid  cell  division,  and 
I spermary  is  thus  formed,  packed  with  very  minute  cells, 
fhe  protoplasm  of  these  cells  is  so  tightly  pressed  together 
hat  the  sperniary  has  the  appearance  of  being  a single 
•ell,  with  an  enormous  number  of  nuclei.  When  the 
permary  is  about  0‘I  mm.  in  diameter,  the  cells  collect 
owards  the  periphery,  leaving  a rounded  space  containing 
;trands  and  lumps  of  protoplasm  (Plate  II.,  fig.  14). 
Cliis  central  body  may  correspond  with  the  blastophore, 
vhich  occurs  in  the  spermatogenesis  of  some  other 
inimals.  The  ripe  spermatozoa  which  are  only  found  in 
tecember  completely  hll  the  cavity  of  the  sperniary.  They 
•onsist  of  a head  with  a cone-shaped  anterior  end,  followed 
)y  a spherical  body,  and  a long  flexible  tail. 

Development. 

AVhen  the  ova  are  ripe,  they  are  about  0’5  mm.  in 
liameter,  and  they  are  discharged  into  the  water  by  way 
)f  the  mouth  the  stoniodaeum  distending  considerably  to 
dlow  them  to  pass.  If  we  may  judge  from  what  may 
be  seen  in  an  aquarium,  the  spawning  is  a very  lengthy 
irocess,  as  each  ovum  takes  at  least  ten  minutes  to  pass 
hrough  the  stoniodaeum.  At  any  rate,  they  do  not 
ippear  to  be  vomited  forth  in  great  masses,”  as  they  are 
n Renilla,  according  to  Wilson. 

The  early  stages  of  development  are  probably  very 
variable  as  regards  the  external  signs  of  segmentation. 
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It  is  cei'tainly  the  case,  however,  that  some  yoiiiig-  eml)iyos 
which  appear  1o  he  iiiisegmented  when  examined  whole 
with  a simple  lens  are  found,  in  se(*tions,  to  be  more 
advanced  than  others  which  aie  clearly  segmented.  It  is 
really  ((iiite  impossible  to  say,  in  the  ])r(\sent  stat(‘  of  oui- 
knowledge,  what  is  the  “ nonnal  ’’  or  “ typical  ’ proceeding  j 
at  this  early  stage.  There  is  a stage,  however,  occurring 
a few  hours  after  fertilisation,  in  which  the  embryo  con- 
sists of  a single  mass  of  protoplasm  containing  several 
protoplasmic  ‘"islands”  almost  free  from  yolk  in  each  of 
which  there  is  a nucleus  (PI.  III.,  fig.  16).  It  is  really  a 
” morula  ” stage,  although  it  may  or  may  not  exhibit 
mulberry  markings  externally.  The  ” islands  ” of  proto- 
plasm and  their  nuclei  increase  rapidly  in  number,  and 
soon  the  outlines  marking  the  boundaries  of  the  cells 
become  clearly  differentiated.  The  nucleus  of  the  cells 
in  these  stages  divides  by  a well-defined  karyokinesis 
(fig.  IT),  several  beautiful  achromatic  spindles  with  their' 
chromosomes  being  seen  in  sections  of  every  well-pre-‘ 
served  embryo  that  is  examined.  A cavity  makes  its] 
appearance  in  the  interior  of  the  mass  of  cells  constituting 
the  embryo  and  at  the  same  time  the  cells  at  the  circum-j| 
ference  become  arranged  in  a definite  row.  :| 

In  the  next  stage  (fig.  18)  a definite  ectoderm  is  formed 
at  the  periphery.  This  layer  differs  from  the  layer  of 
embryonal  cells  of  the  last  stage  in  the  fact  that  it  is  clear  ’ 
and  devoid  of  yolk  globules  and  that  the  cells  are  ciliated.  | 
Inside  the  ectoderm  there  is  still  a layer  of  un-i 
differentiated  embryonal  tissue,  laden  with  yolk,  enclosing  I 
an  irregular  cavity.  ^ 

Later  stages  than  this  of  the  larval  development  have 
not  yet  been  discovered,  and  it  is  not  known  how  the 
stomodaeum  and  mesenteries  are  formed.  It  is  probable, 
however,  that  soon  after  the  mouth  is  formed  the  larva 
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titles  down  on  a rock  or  shell  at  the  bottom,  loses  its  cilia 
lad  assumes  the  characters  of  a single  Alcvonarian  poU  p. 
['he  youngest  stage  that  the  author  has  seen  after  fixation 
L shown  on  Plate  III.,  hg.  24.  In  this  case  the  primai\ 
|olvp  has  already  formed  one  secondary  polyp  by  gem- 
[lation. 

I Physiology. 

When  the  polyps  of  an  Alnjonium  are  fully  expanded 
liey  are  in  a state  of  physiological  actiyity,  the  muscles 
re  constantly  contracting,  the  cilia  yibrating,  and  othei 
Unctions  of  the  body  being  performed.  This  functional 
jctiyity  does  not  go  on  continuously,  but  at  times  the 
nthocodise  are  all  retracted,  and  a period  of  rest  super- 
enes.  There  can  be  little  doubt  that  the  period  of  rest 
ccurs  rhythmically,  the  rhythm  corresponding  not  with 
he  light  and  darkness  of  day  and  night,  but  with  the 
igh  and  low  tides.  As  a result  of  some  experiments  that 
rere  made  a few  j^ears  ago,  it  seems  probable  that 
Ucyonium  rests  regularly  at  eyery  low  tide,  that  is  to  say, 
iwice  in  eyeiy  day  and  night,  but  owing  to  the  unsatis- 
actory  conditions  appertaining  to  life  in  a sea-water 
Iquarium,  it  is  not  possible  to  state  how  long  the  periods 
\i  rest  last  in  natural  healthy  surroundings, 
i CiRCLLATiox.— It  is  Certain  that  in  such  a fleshy  mass 
lis  a colony  of  Alcyonliun  presents,  a free  circulation  of  a 
kcyiid  throughout  the  whole  system  is  absolutely  necessary 
bir  the  respiration  of  the  tissues.  In  the  absence  of  any 
|hythniically  contractile  organ  which  could  be  called  a 
kieart,  how  is  this  circulation  maintained?  The  answer 
s,  entirely  by  ciliary  action.  When  the  polyps  are 
•xpanded,  a current  of  water  is  produced  by  the  constant 
Vibration  of  the  long  cilia  of  the  siphonoglyph,  which 
flows  from  the  mouth  downwards  into  the  coelenteiic 
ifiavities.  It  is  probable  that  some  of  the  fresh  sea-water 
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ilms  iiiluiled  is  drivon  hy  voitices  rroated  hy  iho  cilia  o! 
the  endodenn  into  ilic  canals  of  the  iiK^sog-loea,  and  line 
the  rapidly  growing  ])aits  of  the  colony  ai-e  sii])plied  with 
ox^  gemated  water.  1 he  l einainiho'  ti'avels  down  tin 
ventral  sides  of  the  coelenteri(*  cavities.  A (airrent  ot| 
water  in  tlie  opposite  direction  is  produced  hv  the  ciliu 
of  tile  long  dorsal  mesenterial  filaments  (see  Plate  HI., 
fig.  Ld)  /)mf.)  which  prohahly  makes  its  exit  hy  way  of  tlu- 
dorsal  side  of  the  stoniodaenm.  In  this  manner  a reguJai 
circulation  of  the  water  in  the  colony  is  maintained 
during  the  time  when  the  polyps  are  expanded. 

])iGESTJox. — Particles  of  food  which  are  caught  hy  the 
tentacles  are,  if  suitable  in  size,  passed  to  the  month  and 
rapidly  swallowed  by  the  stoniodaenm.  The  stomodaeuni 
in  Alcyonitwi  is  not,  as  it  is  in  Xenia,  and  some  other 
Alcyonarians,  a digestive  tube.  The  food  is  unaltered 
during  its  passage  through  it.  On  passing  the  lower  oi 
inner  opening  of  the  stoniodaenm  the  six  ventral  iiiesen- 
terial  filaments  embrace  it,  and  hold  it  fast  for  some  time. 
During  this  time  the  glands  on  these  mesenterial  hla- 
nients  secrete  a digestive  tinid,  which  partly  dissolves  it' 
and  breaks  it  up.  The  food  which  is  thus  dissolved  isj 
assimilated  b^^  the  general  eiidoderm  lining  the  coelen- 
teron,  and  possibly  also  by  the  ventral  mesenterial  fila- 
ments themselves.  Food  particles  that  escape  from  the 
embrace  of  the  mesenterial  hlameiits  and  particles  of  oil 
or  fat  which  are  not  dissolved  b}^  the  digestive  fernien^ 
are  swallowed  b}^  eiidoderm  cells  and  digested  intra-{ 
cellularly.  The  ferment  of  the  digestive  fluid  secreted) 
by  the  filaments  is  alkaline  in  most  Coelenterates,  and^ 
the  ferment  secreted  by  the  eiidoderm  cells  into  their 
food  vacuoles  is  an  acid  ferment.  From  the  few  observa- 
tions that  have  been  made  on  .Alcyoniiun,  it  is  probable 
that  in  this  respect  it  agrees  with  other  Anthozoa. 
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The  above  description  of  the  anatomy  and  development 
Id  Alcj/onium  lUgitatum  is  compiled  entirely  from  my  own 
observations.  A considerable  part  of  the  work  has  already 
leen  published  in  a paper  which  appeared  in  the  Quarterly 
Ifournal  of  Microscopical  Science,  Volume  d( , and  the 
'eader  may  be  referred  to  this  for  further  information  on 
he  histology  of  the  species.  The  account  of  the  chemistry 
d the  mesogdoea  was  published  in  the  same  volume  by 
dr.  Brown. 

An  important  paper  has  recently  been  published  by  Mi. 
ijr.  C.  Bourne  in  the  “ Transactions  of  the  Linnsean 
|>ociety,”  Tol.  YII.,  pt.  10,  on  the  genus  Lemnalia,  in 
.vhich  the  term  “ Anthocodia,”  which  has  been  adopted 
11  this  memoir,  and  others  which  will  be  useful  to 
dudeiits  of  the  Alcyonaria  are  introduced  for  the  first 
dine. 

I^Afl.watiox  of  the  Plates. 

Plate  I. 

fig.  1.  A small  specimen  of  Alcyonium  (lujitrifum,  L., 
natural  size,  killed  in  such  a manner  that 
some  of  the  anthocodise  {i.e.,  polyp-heads) 

I have  remained  expanded  while  the  others  are 

completely  or  wholly  retracted.  The  antho- 
codia^  on  the  knob  seen  at  the  right  hand  side 
, of  the  drawing,  for  example,  ai'e  retracted, 

> and  the  star-like  depressions  indicating  their 

* positions  are  the  “ false  mouths,*’  as  explained 

in  the  text.  This  figure  is  drawn  from  a 
specimen  taken  at  Port  Erin. 
iMg.  2.  Another  specimen  of  Alcyonium  diyitatum 
drawn  in  outline  and  reduced  about  ^ diam. 
to  show  the  blunt  lobe-like  processes  that  are 
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frequently  formed  in  the  older  colonies.  Thif 
figure  is  di'awn  fioni  u specimen  in  tlif 
('aml)iidge  iMuseum. 

Fig.  .').  \ ertical  section  through  a portion  of  a colony! 

(semi -diagrammatic)  to  show  the  anthocodia' 
in  different  stages  of  retraction,  the  dihereni! 
sizes  of  the  polyps,  the  geneial  arrangement 
of  the  canal  system,  the  position  of  the 
spicules,  &c.  The  mesentei-ial  filaments  are 
represented  as  being  in  the  same  plane  as  the 
tentacles,  which  they  are  not,  in  order  to 
illustrate  certain  points  in  their  relations. 
The  following  points  are  illustrated  in  this 
figure:!^  represents  the  fully  - expanded 
anthocodia  of  a polyp,  2'  represents  a par- 
tially retracted  anthocodia  in  which  the 
tentacles  are  contracted  and  folded  inwards 
towards  the  mouth,  the  body-wall  forms  a 
circular  fold  over  the  crown  of  tentacles, 
o'  represents  an  anthocodia  in  which  the 
tentacles  and  stomodaeum  have  sunk  to  the* 
level  of  the  general  surface  of  the  colony,^ 
4'  an  anthocodia  which  has  sunk  below  the= 
surface,  and  b'  an  anthocodia  completely 
retracted,  the  false  mouth  having  closed.  It 
will  be  noticed  that  the  long  (dorsal)  rnesen-' 
terial  filaments  are  represented  as  being  allj 
on  the  left  side  of  the  polyps.  This  indicates^ 
that  the  axis  of  the  lobe  from  which  the| 
section  was  made  was  on  the  left  side  of  the^ 
drawing. 

kig.  4.  A fully-expanded  anthocodia  drawn  from  a 
living  specimen  at  Plymouth.  The  bases  of 
the  tentacles  are  extended  in  a bullate 
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fashion,  and  the  pinnules  are  somewhat  con- 
tracted. The  stoinodaenm  {St.)  and  the  six 
short  and  two  long  mesenterial  hlanients 
may  he  seen  through  the  transparent 
body-wall.  At  the  base  of  the  crown  of 
tentacles,  and  at  the  region  where  the  antho- 
codia  abuts  on  the  general  surface  of  the 
colonv  the  body-wcJl  is  rather  more  opaque 
owing’  to  the  presence  of  several  spicules. 

5.  A diagram  of  a section  through  a portion  of  a 
lobe,  to  show  the  mode  of  communication 
between  the  polyp  cavities  in  the  inner  parts 
of  the  colony. 

Plate  II. 

().  Transverse  section  through  an  expanded  antho- 
codia  in  the  region  of  the  stomodaeum,  show- 
ing the  siphonoglyph  (^Si.),  the  folded 
epithelium  on  the  rest  of  the  stomodaeum 
(>S7.)  the  arrangement  of  the  retractor  muscles 
(d/i’r.)  on  the  mesenteries,  and  the  structure 
of  the  body-wall.  = Ectoderm.  Mes.= 

Mesogloea,  and  7^/bn/.  = Endoderni. 

7.  A series  of  stages  of  the  final  development  of 
the  spermatozoa  as  seen  in  a preparation 
made  by  breaking  open  a sperniary  in 
December,  a.  a ripe  spermatozoon,  h.  c.  d. 
and  e stages  in  the  formation  of  the  tail,  f . a 
cell  with  four  nuclei  occasionally  met  with  in 
these  preparations. 

(S.  A cnidoblast,  containing  an  immature 
neniatocyst. 

9.  A mature  nematocyst. 

10  and  11.  Two  nematoc3’sts  after  their  discharge. 
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Two  oiidodeima]  myo-epitlielial  cells. 

Section  throug-li  an  ovnm  early  in  December 
showing  the  large  germinal  vesicle  close  to  ihe 
])eriphery  and  the  single  large  geianinal  spot 
which  it  contains. 

Section  through  a spennaiy  in  the  autumn, 
showing  the  endodermal  capsule  which  covers 
it,  the  central  (hi.)  protoplasmic  mass  (blasto- 
phor)  in  the  centre,  and  the  densely  crowded 
nuclei  in  the  peripherv.  | 

Diagrammatic  vertical  section  through  an 
anthocodia.  Si.  the  siphonoglyph  on  the 
ventral  side  of  the  stomodaeuni.  Vtiif.  a 
ventral  mesenterial  tilament.  Msf.  a ventral 
mesentery.  7f.d/.sr.  retractoi-  muscle.  7\ 
tentacle.  Gon.  (jonad,  and  the  other  letter- 
ings as  in  Tig.  b. 

Plate  III.  ’ 

Figs.  1(),  IT,  18.  Three  stages  in  the  development  of' 
Alcyoniuni,  as  seen  in  transverse  section.. 
Fig.  If),  the  morula  stage  of  eight  cells,  the-' 
nuclei  of  three  of  these  cells  can  be  seen  in  a 
star-shaped  island  of  clear  ])rotoplasm,  the 
remainder  of  each  cell  is  filled  with  closely’ 
crowded  globules  of  yolk,  which  are  not] 
represented  in  the  drawing.  Fig.  17.  A later! 
stage  in  which  a space  has  appeared  in  the| 
centre  of  the  embryo,  but  the  cells  are  stilD 
undifferentiated.  Fig.  18.  A planula  stage,  in 
which  the  arch  enteric  space  is  much  larger, 
the  ectoderm  is  fully  differentiated  and 
ciliated,  and  the  endoderm  a continuous 


Fig.  12. 
Fig.  18. 


Fig.  14. 


Fig.  15. 
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nucleated  syncytiimi  unditlerentiated  into 
endoderm  cells. 

A section  throiigli  a ventral  mesentery  in  the 
summer,  showing  the  manner  in  which  ova 
are  formed,  a.  A clump  of  endoderm  cells 
sinking  below  the  surface.  h.  A nest  of 
young  egg-mother  cells,  c.  A stage  in  which 
the  protoplasm  of  the  cells  composing  a nest 
has  fused  into  a single  mass,  and  the  number  of 
nuclei  is  reduced  considerably,  d.  Last  stage 
in  which  only  one  nucleus,  the  germinal 
vesicle  of  the  ovum,  remains  and  the  ovum 
has  begun  to  increase  in  size.  The  retractor 
muscles  R.  Msc.  of  the  mesentery  are  here 
seen  in  transverse  section. 

Transverse  section  of  an  anthocodia  in  the 
region  of  the  gonads,  showing  the  six  mesen- 
teries bearing  ova  and  the  two  (dorsal)  mesen- 
teries which  are  barren,  Drnf . 

22,  28.  Three  types  of  spicules  met  with  in 
Alcyonium. 

The  youngest  stage  of  colony  formation  that 
has  been  found  by  the  author. 


SOME  \\VH1ATI0NS  in  tlie  SPINAL  NERVES  of  tho 
IMIOG,  with  a NOTf^i  on  an  AJfNORMAL 
VERTEIfRAL  (^OLUMN. 


IL  E.  J.  Cole, 

Uni  versify  CoUec/e,  Liver 'pool. 

With  Plates  1.  and  II. 

[Head  Deo.  14,  1000]. 

'Ftie  siil^ject  of  variation  is  one  which  is  unexpectedly 
and  often  unpleasantly  lirought  home  to  the  mind  of 
every  demonstrator  of  Zoology  at  the  outset  of  his  career. 
As  two  classic  instances  of  what  llateson  calls  meristie, 
variedion  may  he  cited  the  so-called  “ spinal  nerves  of  | 
the  Frog,  and  the  apertures  of  the  reproductive  ducts  in  i 
Ncj)hrops  norvef/icus.  AVith  regard  to  the  former,  it 
happens  not  infi'equently  that  the  tenth  or  coccygeal 
nerve  is  apparently  absent,  whereas  the  fact  is  that  the 
sciatic  plexus  is,  as  I consider,  “ postfixed,”  the  tenth; 
spinal  nerve  sIioavs  a considerable  abnormal  increase  in^ 
bulk,  and  completely  goes  over  into  the  Nervus? 
ischiadicus,  instead  of  only  partially  doing  so,  or  not 
doing  so  at  all.  In  these  cases  the  seventh  spinal  nerve 
does  not  as  a rule  contribute  anv  fibres  to  the  sciatic, 
plexus.  And  with  regard  to  Nephrops,  abnormalities  in, 
the  oviducal  and  spermatic  apertures  are  by  no  means | 
uncommon,  and  I remember  examining  three  specimens,' 
tiro  of  which  were  abnormal,  and  had  four  supernumerary^ 
spermatic  apertures  between  them,  occurring  as  follows : 

A B 
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In  Astacus  fluviatilis,  on  the  other  hand,  although 
anatomicallv  very  similar,  variations  in  these  apertures  are 
comparatively  rare,  Bateson*  only  finding  23  variations  in 
586  females  and  one  variation  in  714  males.  In  the  Frog, 
variations  in  the  RR.  ventrales  longi  of  those  nerves 
contributing  to  the  brachial  and  sciatic  plexuses  are  so 
common  and  often  so  considerable  that  one  sometimes 
positively  hesitates  before  committing  oneself  as  to  what 
the  exact  normal  is.  Thus  the  brachial  plexus  is  normally 
constituted  by  the  second  “ spinal  ”+ portions  of  the  first 
and  third.  But  how  often  is  the  first  entirely 
independent,  and  who  would  care  to  state  definitely, 
without  an  elaborate  statistical  investigation,  how  often 
the  third  should  contribute  to  the  plexus — partially  and 
obviously,  wholly  and  invisibly,  or  not  at  all  ? Again, 
what  extensive  variations  are  there  to  be  found  in  the 
ensemhle  of  the  sympathetic  system,  where,  for  example, 
the  coccygeal  ganglia  may,  according  to  Wiedersheim, 
vary  in  number  from  one  to  twelve  ! 

The  present  paper  contains  a description  of  three  cases 
of  variation  in  the  spinal  nerves  of  the  Frog,  all  of  which 
are,  in  my  experience,  of  a very  uncommon  character, 
and  do  not  fall  between  the  extremes  of  average  varia- 
tion. In  two  of  these  cases  I am  indebted  to  my  friend 
Dr.  John  Beard  for  the  material,  and  he  has,  with 
characteristic  generosity,  allowed  me  to  dissect  and 
describe  it.  It  must,  however,  be  emphasized  that  any 
macroscopic  investigation  of  a subject  such  as  this  can 
have  only  a very  limited  scientific  value,  as  the  path  of  a 
nerve  fibre  has  an  interest  altogether  subordinate  to  its 
' exact  central  origin  and  peripheral  distribution.  Hence 
; no  investigation  of  the  peripheral  nervous  system  can  be 
considered  complete,  or  even  trustworthy,  unless  checked 
* “ Variation,”  pp.  153  and  154. 
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by,  ()i‘  ooiKliubod  arcordino'  to,  tlie  findings  of  the  com- 
ponent theory.'^  The  “ Spinal  nerves”  of  the  frog  are  in 
this  paper  enumerated  fi*om  befoie  backwards,  the  hypo- 
glossal, according  to  Knglisli  custom,  being  considered 
Ihe  first.  I am,  of  course,  aware  that  this  nerve  is 
morphologically  the  second,  the  fii-st  oi-  i\^.  .suhorci/zifal is, 
])resent  in  the  tailed  amphibians,  as  shown  by  Ftlrbringer, 
occurring  only  in  the  embryo,  according  to  Chiarugi. 

In  the  first  case,  a specimen  of  Rana  tein ])oraria,  the 
brachial  plexus  is  normal  enough  on  the  light  side, 
according  to  Gaupp’s  scheme,  but  on  the  left  side  the  third 
nerve  communicates  in  the  very  unusual  way  shown  in 
the  figure.  Xerves  iv.,  v.  and  vi.  are  quite  normal,  but 
the  sciatic  plexus  is  in  a somewhat  unique  condition. 
The  presence  of  what  I have  identified  as  two  iliohypo- 
gastric nerves  on  the  left  side  and  of  two  crural  nerves 
on  the  right  side  may  be  noticed  at  once.  That  these 
nerves  may  be  duplicated  has  already  been  noticed  by  ‘ 
Miss  Sweet  in  Hyla  aurea.  The  chief  interest  in  the^ 
specimen  however  lies  in  the  condition  of  its  coccygeal; 
nerve,  which  is  very  much  larger  than  usual,  and  instead 
of  only  more  or  less  indirectly  contributing  towards  the^ 
sciatic  plexus,  passes  wholly  into  it  without  the  exception' 
of  a single  fibre.  Where  the  accessory  coccygeal  fibres , 
come  from,  and  how  the  fibres  in  the  different  factors  of 
the  plexus  had  been  shuffled  to  produce  this  arrangement,’ 
could  of  course  only  be  determined  by  serial  sections.  ] 
The  ixth  nerve,  it  will  be  noted,  forms  a loop  before] 
uniting  with  the  plexus.  This  variation  may  be  I 
explained  in  two  ways.  We  know  from  the  admirable  ^ 
work  of  Adolph i that  larval  Anura,  on  metamorphosis, 
lose  a number  of  caudal  spinal  nerves.  That  is  to  say, 
when  the  vertebral  axis  shortens  up  from  behind  forwards 
* Cf.  C.  J.  Herrick,  Jour.  Comp.  Neurol,  ix.,  163  et  seg.  ! 
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io  })rocliice  the  complex  known  as  the  nrostyle,  several  of 
the  most  posterior  spinal  nerves  are  eliminated  in  the 
process.  The  condition  of  the  nerves  of  this  specimen 
may,  therefore,  be  a reversion  to  an  ancestral  condition, 
before  the  coccygeal  nerve  became  reduced  to  its  present 
subordinate  function.  Or,  as  to  me  seems  more  probable, 
the  sciatic  plexus  is  becoming  postfixed,  and  is  incor- 
porating the  coccygeal  nerve  instead  of  dropping  it,  as 
Adolphi  and  Miss  Sweet  contend.  The  postfixation  of 
the  sciatic  plexus  is  also  borne  out  by  the  condition  of 
one  of  the  other  two  frogs  now  described,  in  which  the 
plexus  also  exhibits  a backward  movement.  It  must  be 
borne  in  mind,  however,  that  Adolphi  and  Miss  Sweet 
have  arrived  at  an  entirely  opposite  conclusion,  but  their 
statistical  method  appears  to  me  to  be  open  to  some 
objection,  especially  in  the  light  of  recent  work  on  the 
number  of  fibres  in  the  Frog’s  spinal  nerves. 

The  second  case,  R.  esculenta,  illustrates  the  compound 
nature  of  the  nrostyle.  On  the  left  side  the  brachial 
plexus  is  not  quite  normal,  and  on  the  right  side  the  sixth 
nerve  was  missing.  This  may  have  been  removed  by  the 
student  before  the  specimen  came  into  my  hands,  but 
there  were  no  obvious  signs  that  it  had  ever  existed.  The 
nerves  vii.,  viii.,  ix.  and  x.  are  in  all  essential  respects 
the  same  as  in  the  previous  specimen,  that  is  to  say,  the 
x)ccygeal  nerve  is  much  larger  than  usual,  and  passes 
3ver  entirely,  with  the  exception  of  a small  bundle  of 
Ibres  as  shown  in  the  figure,  into  the  sciatic  plexus.  In 
uldition  to  these,  however,  an  eleventh  nerve  is  present, 
‘merging  from  the  nrostyle  at  about  the  posterior 
‘xtremity  of  its  anterior  third.  The  vertebral  column 
ivas  quite  normal,  and  the  nrostyle  did  not  appreciably 
liffer  from  what  may  be  considered  its  normal  relative 
ength.  The  extra  nerve  was  very  small,  and  was  not 
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(A)nnected  in  any  way  with  the  sciatic  plexus.  It  will  be 
noted  that  in  this  case  also  the  latter  plexus  is  postfixed, 
and  that  the  urostyle  is  a morphological  (a)inpound  of  at 
least  three  piee(\s.*  On  the  left  side  the  ixth  nei-ve  was  the 
stoutest,  the  others  following  in  the  order,  8,  10,  T.  On 
the  right  side,  the  nerves,  similarly  arranged,  would  read, 
9,  10,  8,  T.  The  right  xith  nerve  was  appreciably 
smaller  than  the  left,  and  the  left  crural  was  stronger  than 
the  right.  In  aurea  Miss  Sweet  found  an  xith  nerve 

in  d’2  })er  cent,  of  125  specimens  examined,  whilst  in 
I^ipa  Furbi-inger  has  shown  that  two  pairs  of  spinal  nei’ves 
normally  jierforate  the  urostyle. 

9die  third  case,  also  a R.  eM’.idenia,  is  complicated  by  the 
occurrence  of  an  almormalit}^  in  the  vertebral  column, 
thus  rendering  the  enumeration  of  the  nerves  a subject 
for  speculation.  Unhappily  one  side  of  the  specimen  had 
been  too  much  damaged  to  be  described  here,  although 
it  was  apparently  similar  to  the  side  figured.  The  first 
point  noticeable  is  that  the  nerve  VI  + takes  no  ^ 
part  in  the  formation  of  the  lumbo-sacral  plexus,  and ; 
that  the  relative  position  of  this  plexus  with  regard  to  the  ■ 
urostyle  is  quite  normal,  so  that  it  has  apparently  dropped^! 
a nerve  in  front  without  picking  up  one  behind.  But  i| 
there  is  a nerve  present  (viii.)  which  perforates  the  arch 
of  the  compound  sacrum,  and  bears  the  same  relation  to. 
the  plexus  as  a normal  viiith  nerve.  It  therefore  becomes' 
necessary  to  describe  the  sacrum.  | 

That  the  vertebra  labelled  T may  he  the  eighth  isj 
suggested  by  the  fact  that  it  is  amphicoelous,  and  onlyj 
the  eighth  vertebra  of  the  frog  exhibits  that  character. 
The  urostyle  is  further  no  more  or  less  than  its  normal  I 

* It  must  not  be  forgotten  that  in  Bonihinator,  according  to 

Gotte,  the  urostyle  represents  3 fused  vertebrae — x.,  xi.  and  xii. 

Cf.  also  the  condition  in  Discoglossus. 
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relative  length,  and  lias  therefore  not  contributed  to  the 
abnormality  of  the  sacrum.  This,  seen  from  below, 
lias  an  undivided  centrum  almost  double  the  normal 
length  of  a single  vertebra,  and  dissection  shows  that  it 
lias  two  transverse  processes  on  each  side,  both  of  which 
on  the  left  side  support  the  ilium,  and  thus  form  a com- 
pound sacrum,  but  on  the  right  side  the  posterior  one  only 
doing  so.  The  neural  arch  is  perforated  by  conspicuous 
foramina  which  transmit  the  large  nerve  labelled  viii.  in 
fig.  •).  Above,  there  is  a small  but  obvious  single  neural 
spine,  and  immediately  behind  this  is  a deep  transverse 
trench,  at  the  bottom  of  which  is  a narrow  fissure  partially 
separating  the  arch  into  anterior  and  posterior  portions, 
llehind  this  trench  the  arch  shelves  sharply  down  to  the 
neural  canal.  This  vertebra,  peculiar  as  it  is,  so  very 
closely  resembles  another  sacrum  described  by  Howes,  that 
the  above  description  and  figure  IV.  should  be  compared 
with  his  (Xo.  15,  p.  269).  There  is  this  apparent  excep- 
tion, however — that  in  Howes’  case  the  compound  repre- 
sented the  true  8th  and  9th  vertebrae,  whilst  mine  is  of 
a 9th  and  an  extra  vertebra. 

The  question  now  arises,  how  are  the  extra  nerve  and 
vertebra  to  be  enumerated — for  it  must  be  admitted  that 
the  last  vertebra  is  really  a compound  of  two — there  being 
a duplicate  transverse  process,  neural  arch  and  nerve. 
Taking  Gfaupp’s  figure  (Xo.  10,  p.  165)  of  the  spinal  nerves 
as  a standard,  it  is  at  first  somewhat  surprising  to  note 
that  the  whole  lumbo -sacral  plexus  and  the  coccygeal 
nerve  are  perfectly  normal,  except  that  the  viiitli 
nerve  in  iny  specimen  does  not  apparently  contribute  any 
fibres  to  the  ^V.  cruralis.  As  the  urostyle  and  its  nerves 
are  quite  normal,  and  as  in  addition  to  the  urostyle  w^e 
have  a vertebral  column  of  ten  vertebrae  and  an  extra 
nerve,  it  is  obvious  that  a vertebra  and  a nerve  have  been 
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intercalated  somewhere.'*  impressed  by  the  amphicoelous 
centrum  of  the  vertebra  labelled  T in  hg.  0,  I was  at  first 
inclined  to  believe  that  the  extra  vertebra  must  be  either 
8 or  9.  Jlut  this  view  involved  such  confusion  in 
liomologising  the  “ spinal  nerves  ” that  it  had  to  be 
abandoned.  But  if  we  suppose  that  the  intercalated 
vertebra  is  b + and  the  intercalated  nerve  vi  + , all 
difficulties  at  once  vanish,  and  the  result  is  a frog 
absolutely  normal  in  its  nerves,  and  only  exhibiting  an 
abnormality  in  its  vertebral  column  for  which  we  have 
many  parallels.  I therefore  adopt  this  view  on  the 
following  grounds : — 

1.  The  nerve  vi  + does  not,  as  it  should,  enter  into 
the  lumbo-sacral  plexus.  There  are  thus  five  NA^. 
abdominales  instead  of  four,  and  the  distribution  of  these 
shows  the  extra  one  to  be  that  labelled  vi  + . 

2.  The  fact  that  the  vertebra  numbered  T is  amphi- 

coelous does  not  necessarily  prove  that  it  is  the  morpho- 
logical eighth. t It  shows  that  the  amphicoelous  vertebra  J 
should  be  the  penultimate  one,  and  the  vertebra  T is  the  ; 
physiological  (though  not  the  morphological)  penultimate  ■ 
vertebra,  since  8 and  9 are  immovably  fused.  ? 

d.  The  lumbo-sacral  plexus  is  absolutely  normal,  both  • 
in  its  formation,  branches  and  distribution,  whereas  if  one  ( 
of  its  factors  had  been  an  intercalated  nerve,  we  are  ^ 


entitled  to  expect  that  it  would  have  had  some  appre- 
ciable effect  on  the  plexus. 

4.  Howes  has  described  in  a normal  nine  vertebra  frog 


*I  must  not  be  understood,  when  the  term  “intercalation”  5j 
is  used,  to  imply  that  the  intercalated  structure  is  a neomorph,  as  Baur 
believes.  My  position  is  rather  that  of  G.  H.  Parker  (No.  18). 


+ Lloyd  Morgan  (No  17)  describes  two  eighth  vertebree  of 
R.  temporaria  as  not  being  amphicoelous,  and  mentions  that  he 
has  seen  this  ahnormality  before. 
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du  incomplete  insion  of  tlie  last  two  vertebrae  (8  and  9), 
50  resembling  my  vertebrae  8 and  9 as  to  strongly 
suggest  that  tlie  two  latter  are  morphologically  the  eighth 
dnd  ninth  vertebrae  of  the  animal.  Compare  also  Lloyd 
Morgan,  Xo.  IT,  and  Howes,  Xos.  14  and  15.  Parallels 
in  PalceobatmcJiiis  and  other  Amphibia  are  to  be  found  in 
the  works  of  Boulenger,  Canierano,  Walterstorlf,  and 
Adolphi. 

5.  The  urostyle  is  precluded  from  having  taken  any 
part  in  the  abnormality  of  the  vertebral  column  by  the 
fact  that  its  relative  length  is  normal,  and  the  last  two 
nerves  are  related  to  it  precisely  as  in  Gaupp’s  scheme  of 
the  normal  **  spinal  nerves." 

Finally,  the  explanation  above  is  the  most  simple,  and 
involves  less  theory  than  any  other  hypothesis. 

The  most  important  works  bearing  directly  on  varia- 
tions in  the  spinal  nerves  of  frogs  and  toads  are  those  by 
Adolphi,  Miss  Sweet,  and  Braun.  TYith  regard  to  the  two 
former,  T may  be  allowed  to  express  some  dissent  from 
the  method  of  their  statistical  investigations.  These  are 
based  practically  on  variations  in  the  size  (“  Dicke,  ’ 
“Thickness"')  of  the  nerves  forming  the  plexuses.  Xow, 
if  the  size  of  a nerve  had  any  individuality,  that  is  to  say, 
if  it  were  any  criterion  of,  or  index  to,  the  size  and 
number  of  its  fibres,  the  method  would  be  beyond  cavil. 
But  we  know  from  recent  work  that  the  size  of  a nerve 
is  often  not  constant,  nor  can  it,  without  investigation,  be 
taken  as  indicating  the  true  bulk  of  the  nerve,  i.e.,  the 
number  and  size  of  its  fibres.  It  is  conceivable  that  the 
frog  mav  be  exceptional  in  this,  but  the  conclusions  of 
Adolphi  and  Miss  Sweet  can,  it  seems  to  me,  only  be 
accepted  with  reservation  until  their  methods  have  been 
tested.  The  former  regards  both  the  brachial  and  lumbo- 
sacral plexuses  to  be  moving  forward,  whilst  the  lattei 
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admits  this  for  one  plexus,  but  not  foi*  tlie  otliei-.  In 
particular  I would  draw  attention  to  Miss  Swe(‘t’s  tig.  2 
(p.  282),  drawn  up  to  show  the  transference  of  tire  ciairalis 
fibres  from  the  ixth  to  the  viiith  nerve,  a series  which 
I think,  does  not  apjreai-  to  be  a very  natural  one,  or-  to 
support  the  method  on  which  it  is  based.  The  works  of 
these  two  author's  have  cleared  up  so  many  points  that  1 
have  ventured  to  draw  attention  to  what  appears  to  me 
this  one  defect  in  their  work. 

I am  greatly  indebted  to  my  valued  friend,  Mr.  A.  V\b 
Kappel,  Librarian  to  the  Linnean  Society,  and  also  to 
Prof.  Gr.  13.  Howes,  P .11. S.,  for  help  with  the  literature. 
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Explanation  op  the  Figures.  ; 

Fig.  1.  Dissection  of  R.  temporaria  from  below,  to  show  i 
abnormal  configuration  of  the  Eami  ventrales  ! 
longi  of  the  spinal  nerves.  1 — 9,  the  centra 
of  the  vertebrse ; i. — x.,  the  E.E.  ventrales 
longi  of  the  ten  spinal  nerves;  N.Br.,  Xervus  | 
brachialis  ; N.  Coc.,  X.  coccygeiis  ; X.  Co.  CL,  i 
X.  coracoclavicularis  ; NN.  Cr.,  Xervi  criirales  ; | 
N.Hij.,  X.  hypoglossiis ; XX.  II.  Hy.,  | 
iliohypogastrici ; N.Sc.,  Sciatic  nerve  (X.  j 
ischiadicus)  ; Cfr.,  Drostyle.  X 2. 

Fig.  2.  Similar  dissection  of  a R.  esculenta,  vi.  missing 
sixth  nerve ; xi.,  extra  or  eleventh  neiA’u. 
Other  letters  as  before.  X 2. 
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3.  Same  dissection  of  a R.  escidenta\  6 + , an  extra 

vertebra;  vi.  + , its  corresponding  nerve;  Tr. 
F.,  transverse  processes  of  tire  compound 
sacrum  (vertebrae  8 and  9)  ; //.,  ilium.  Other 
letters  as  before.  X 2. 

4.  Dorsal  and  ventral  views  of  the  compound  sacrum 

of  the  third  specimen  (cf.  fig.  3).  A.  ventral 
view;  D.  dorsal  view.  A.  zy.,  anterioi  z^ga- 
pophysis;  C.,  centrum  ; A.,  fissure  imperfectly 
separating  the  neural  arch  of  the  sacrum  into 
two ; 1.  F intervertebral  foramina  trans- 

mitting the  viiith  nerve;  II.,  Ilium;  N.S., 
neural  spine;  Ur.,  urostyle ; S and  9,  trans- 
verse processes  of  the  compound  sacrum.  X 3. 


Rrport  on  the  Investigations  carried  on  during  1900  in 
connection  with  the  Lancashire  Sea  - Lfshehies 
fjARORATORY  ili  Lnivci’sity  College,  Livei-pool,  and 
the  Sea-Fish  Hatchery  at  Liel,  near  Bari*ow. 

Drawn  up  by  Professor  W.  A.  Herdman,  F.R.S.,  Honorary 
Director  of  the  Scientific  Work  ; assisted  by  Mr.  Andrew 
Scott,  Resident  Fisheries  Assistant  at  Piel,  and  Mr. 
James  Johnstone,  B.Sc.,  Fisheries  Assistant  at  Liverpool. 

With  Nine  Plates,  and  other  Illustrations. 


(.’ONTENTS. 

1.  Introduction  and  General  Account  of  the  Work  - - V2C) 

2.  Required  Survey  of  Fislhno-  Grounds  - . . . nii 

8.  Fish  Hatching  at  Piel  -------  150 

4.  Note  on  the  Spawning  of  the  Mussel  - - - - 161 

5.  Statistics  of  the  INIersey  Shrimping  Grounds  - - - 104 

0.  Report  on  Deposits  and  Shrimps  - - - - - 181 

7.  Note  on  a Sporozoon  Parasite  of  the  Plaice  - - - 184 

8.  On  the  Fish  Parasites  Lepeoj^hfhpirus  and  Lernrpa-  - 188 


Introduction  and  Gteneral  Account  of  the  AVork.  ' 

In  tlie  main  the  w^ork  of  the  past  year  has  been 
similar  in  its  nature  to  that  of  the  previous  one,  and  has 
consisted  in  : ^ — i 

(1)  The  hatching  operations  and  other  work  carried  onf 

at  Piel  by  Air.  Andrew  Scott ; 1 

(2)  Laboratory  investigations  by  Air.  Johnstone  at 

^ * * 

Liverpool ; ^ 

(d)  Certain  observations  at  sea  taken  from  the  steamer| 
at  Piel,  at  the  Isle-of-AIan,  and  at  various  other  points  in 
the  district,  by  Air.  Daw^son,  Air.  Ascroft,  and  others — alf 
discussed  and  reduced  to  order  at  the  Liverpool 

Laboratory ; 

(4)  The  work  of  the  circulating  Fisheries  Exhibit; 

(5)  Practical  laboratory  classes  at  University  College, 
Liverpool,  for  fishermen  ; and 
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(6)  Yarious  memoranda  and  reports  that  I have  had 
'occasion  to  address  to  the  Chairman  and  Committee 
‘during  the  year. 

I shall  remark  upon  some  of  these  matters  here,  and  the 
others  will  he  treated  more  fully  in  the  separate  sections 
which  follow.  Last  year  I commenced  the  plan,  which  I 
hope  to  be  able  to  adhere  to,  of  having  in  each  annual 
report  a detailed  account  of  some  animal  of  local  economic 
importance.  It  was  then  a memoir  on  the  common 
Cockle,  bv  Mr.  Johnstone  ; this  time  it  is  a full  account 
of  two  closely  allied  and  very  important  Fish-Parasites, 
Tjerncea  and  Lej)CoplitheA'rus,  by  Mr.  Scott;  while  next  year 
it  will  be  the  memoir  on  the  Plaice  by  Mr.  Cole  and  Mr. 
Johnstone,  for  which  the  plates  are  already  drawn.  Mr. 
Scott’s  remarks  upon  the  effect  which  the  fish-parasites 
have  on  their  hosts,  and  upon  their  nutrition  and  mode  of 
life,  will  be  found  of  interest.  The  preparation  of  this 
account  of  the  fish-parasites  has  occupied  a large  portion 
of  Mr.  Scott’s  time  during  that  period  of  the  year  when 
hatching  operations  were  not  in  progress. 

An  account  of  the  hatching  work  will  be  found  at  p.  ol. 
The  plan  of  storing  up  spawning  fish*  in  the  tanks  in  place 
;of  trusting  to  the  steamer  for  supplies  has  been  most 
successful,  and  the  increase  from  the  three  and  a half 
millions  of  the  previous  year  to  fourteen  millions  of 
voung  fish  set  free  this  year  is  most  satisfactory.  For  the 
rest,  Mr.  Scott’s  time  has  been  filled  up  by  collecting  and 
observing,  bv  giving  demonstrations  to  parties  of  fisher- 
men, bv  experiments  with  shellfish,  and  by  various  other 
pieces  of  useful  work.  The  determination  of  the  spawn - 

* We  had  over  100  adult  flounders  in  the  tanks.  I see  from  the  Report 
of  the  Scottish  Sea  Fishery  Board  that  in  their  first  year’s  work  at  their 
new  hatchery  at  Aberdeen  they  had  400  spawning  plaice,  from  which  over 
16  millions  of  fry  were  hatched.  The  female  flounder,  however,  produces 
about  three  times  as  many  eggs  as  the  plaice. 
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ing  times  and  the  habits  of  the  mussel  at  Piel  will  be 
found  on  p.  161. 

Mr.  Johnstone  s time — in  addition  to  helping  me  with 
general  work,  eoiiesjxnulenee,  the  examination  of  ariv 
specimens  that  arrive,  the  preparation  of  “memoranda” 
iliroughout  the  year,  and  of  this  Report— has  been  largely 
taken  iij)  with  arranging  and  superintending  the  lemoval 
of  the  travelling  Fisheries  Exhibit  from  place  to  place. 
The  packing  and  unpacking  of  specimens,  the  renewal  of 
labels,  &c.,  takes  up  a good  deal  of  the  time  of  both  Mr. 
Johnstone  and  of  the  fisheries  laboratory  boy,  W.  Raw. 

Hie  Exhibit,  it  will  be  remembered,  after  being  at 
Liveipool,  Saif  Old,  Preston  and  Poitou,  was  at  Fniversity 
( Vdlege  in  the  winter  of  1899-1900.  In  March  it  was 
lemoved  to  St.  Helens,  where  it  remained  at  the  Public 
Museum  till  November.  The  Curator,  Mr.  Alfred 
Lancaster,  has  sent  me  a letter  on  behalf  of  his  Museum 
Committee,  tendering  their  thanks  to  the  Lancashire  Sea-' 
I^isheiies  Committee  for  the  loan  of  ‘Hhe  very  interesting 
and  instructive  collection  of  Sea-Fisheries  Exhibits.”; 
He  states  further  that  '‘the  exhibition  was  visited  by 
upwards  of  16,000  persons,”  and  he  refers  to  the  usJ 
which  school  teachers  made  of  the  exhibition  as  the  subject 
of  object  lessons. 

It  will  be  remembered  that  a couple  of  years  ago  some, 
desire  was  expressed  to  have  the  exhibit  at  Barrow,- 
but  negotiations  eventually  broke  down.  Mr.  Scott  has- 
since  suggested  that  if  the  cases  were  exhibited  for  a time- 
in  the  large  laboratory  at  Piel,  that  might  serve  for] 
\isitors  from  Barrow  and  from  the  neig'hbouring  fishing 
villages.  Accordingly  in  IN'ovember  the  collection  was 
transferred  to  Piel,  and  is  now  on  exhibition  there.* 


or  public  Institutions  desiring  to  have  tlx 
risheiies  Exhibit  on  loan  should  apply  for  a copy  of  the  conditions  am 
regulations. 
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During  the  past  year  the  following  have  occupied  work 
daces  in  the  laboratory  at  Piel  for  the  purpose  of  carrying 
)]i  Zoological  investigations  : — 

' Dr.  F.  AV.  Gamble,  Owens  College,  Manchester. 

■ AVorking  at  Crustacea. 

Dr.  J.  T.  Jenkins,  University  College,  Liverpool. 

Working  at  digestive  glands  of  Oyster. 

Mr.  F.  H.  Smith,  B.Sc.,  Barrow-in-Furness. 

Working  at  Algae  and  Diatoms. 

Mr.  J.  E.  Turner,  B.A.,  Barrow-in-Furness. 

Working  at  Marine  Zoology  and  Fisheries. 

Mr.  John  Graham,  B.Sc.,  Barrow-in-Furness, 
i Working  at  Marine  Biology  and  Physics. 

These  gentlemen  have  sent  me  short  reports  upon  their 
York,  in  which  they  express  their  thanks  to  the  Com- 
nittee  and  their  appreciation  of  the  facilities  given  by 
phe  institution  and  the  help  rendered  by  Mr.  Scott. 

Parties  of  fishermen  from  Bardsea  and  Baicliff  have 
leen  brought  on  various  occasions  by  Eev.  E.  B.  Billinge 
ind  Eev.  Dr.  Hayman,  when  explanations  and  demonstra- 
tions were  given  by  Mr.  vScott  and  Mr.  Johnstone.  Many 
)ther  visitors,  more  or  less  connected  with  fisheries  and 
scientific  work,  including  Mr.  A.  Milman,  C.B.,  Mr.  J.  B. 
Feilding,  Mr.  J.  Fell  and  other  members  of  the  Sea- 
Fisheries  Committee,  and  the  members  of  the  Barrow 
Field  Xaturalists’  Club,  have  been  shown  over  the  estab- 
lishment, and  have  had  the  operations  explained  to  them. 

I regret  that  the  applications  for  the  two  £60  Scholar- 
ships for  higher  education  in  Fisheries  Science,  each 
;enable  for  two  years  at  University  College,  Liverpool, 
vhich  had  been  offered  by  the  Lancashire  County  Council, 
vere  most  unsatisfactory.  Only  one  candidate  applied, 
ind  from  his  defective  preliminary  education  he  was 
jvidently  quite  unsuitable.  This  unfortunate  result  was 
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a])])arpntly  dno  to  wan  I of  information  amon^  tl)o  lii^hoi-J 
schools  in  the  county  of  the  advantages  to  he  derived  from 
these  scholarships.  Several  suitable  candidates  were 
heard  of  when  it  was  too  late.  Considering  the  increase 
of  work  and  of  interest  in  Marine  Jiiology  and  its  appli- 
(*ation  to  Fishery  questions  of  late  }^ears,  it  will  be  very 
unfortunate  if  this  important  experiment  is  allowed  lo 
lapse  merely  because  of  the  absence  of  candidates  in  the 
tiist  year,  before  the  scheme  was  sutficiently  known. 

In  addition  to  these  scholarships,  the  County  Council 
gi  anted  last  year  a sum  of  £100  for  studentships  to  enable 
tishermen  to  undertake  a short  course  of  practical  instruc- 
tion in  the  Zoological  Department  at  University  College, 
Liverpool.  It  was,  after  careful  consideration  by  a Com- 
uiittee,  decided  to  send  20  elected  fishermen  representa- 
tlA’e  of  different  centres  and  branches  of  industry,  to 
I.hii versify  College  ; each  to  have  a fortnight’s  instruction,  : 
and  the  sum  of  £5  to  be  paid  to  each  man  to  cover  his"' 
travelling  expenses  and  board  and  lodging,  and  to  re-,| 
imburse  him  to  some  extent  for  what  he  might  have,’ 
lost  by  not  following  his  oidinary  Aux-ation  during  the. 
two  Aveeks.  These  laboratory  classes  Avere  held  iin 
Febiuary  and  March,  1900;  and  the  main  part  of  the' 
Avork  Avas  carried  on  by  Mr.  Johnstone  under  my  personaLi 
direction  and  supervision.  The  course  Avas  divided  up^ 
into  ten  days,  the  Avork  upon  Avhich  Avas  as  shown  in  the^ 
folloAving  sections  : - — | 

1.  The  CoAiAioN  Mussel. — Structure  (especially  in  regards 

to  feeding,  breathing,  reproducing  and  habits) 
spaAvning  and  life-history. 

2.  Haddock. — Structure,  feeding,  breathing,  spaAvning, 

and  life-history. 

d.  Crab,  Praavn,  Shrtaic  and  Lobster. — Habits,  food, 
eggs,  reproduction  and  life-history. 
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jj  4.  Surface  Life  of  Sea. — Townet  gatherings,  fish  eggs, 
j diatoms,  copepoda. 

i T).  Fisheries  Museu-ai. — An  examination  of  the  cases  in 
‘ the  museum  at  University  College. 

6.  Edible  Mollusca. — Oyster,  cockle  and  mussel. 

' 7.  Fish  Parasites. — External  and  internal,  and  their 
hosts. 

j 8.  Fish  Structure. — Cod — Also  stages  of  growth  and 
; changes  in  reproductive  organs. 

9.  Food  of  Fishes. — How  to  examine  fishes’  stomachs 

and  determine  principal  food  matters. 

10.  Eggs  and  Larval  Stages  of  Fish. — How  to  dis- 

tinguish them  and  where  they  are  found.  Also 
eggs  of  Shell-Fish  and  Crustacea. 

The  whole  course  was  made  entirely  practical  in  character. 
Each  man  examined  everything  for  himself.  The  course 
was  preceded  by  an  introductory  address  by  myself,  and 
|[  finished  it  with  a short  concluding  lecture. 

The  Committee  may  like  to  have  recorded  here  the  list 
3f  those  who  attended  this  first  laboratory  class  for  fisher- 
men. It  is  as  folloAvs  : — 

In  February — 

John  AU right,  Southport. 

AVilliam  AVright,  Southport. 

(leorge  Alexander,  Alorecambe. 

Luke  AA^oodhouse,  Alorecambe. 

In  Alarch — 

AA^alter  Baxter,  Alorecambe. 

' Robert  Gardner,  Alorecambe. 

James  Allan,  Alorecambe. 
i Thomas  Wilson,  Alorecambe. 

j Edward  AVoodhouse,  Alorecambe. 

John  AA^right,  Southport. 

I Albert  Robinson,  Southport. 
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John  Ei^'bv,  Smithporl. 

U.  E^immer,  Marshside. 

E.  Ball,  Marshside. 

AV.  Houldsworth,  Marshside. 

John  Hardman,  LjJham. 

Thomas  Clarkson,  Juii.,  Lytham. 

John  Parkinson,  Lytham. 

1 

Eobert  JVright,  St.  Annes.  ' 

Mr.  Dawson  has  already  reported  as  to  the  way  in  which 

the  men  appreciated  these  pi  actical  classes,  and  he  has  now 

written  to  me  of  the  benefit  which,  in  his  opinion,  the 

studentships  Avere  to  the  fishermen.  He  says : “ From 

^lorecambe,  Lytham,  St.  Annes,  and  Southport  and  the 

district  I have  heard  the  Avork  spoken  of  Avith  praise,  and 

hoAv  satisfied  the  men  Avere.  1 have  also  had  several 

enquiries  as  to  when  more  classes  would  be  held,  as  the 

men  AA^anted  to  go  to  them.”  And  again,  “ On  all  sides 

I am  informed  that  the  fishermen  were  most  interested  ‘ 

in  the  work,  and  that  if  any  more  studentships  are  offered  ] 

the  difficulty  will  be  not  to  get  men  to  go,  but  to  choose  , 

from  amongst  the  number  of  applicants.” 

In  October  some  questions  arose  in  regard  to  the  con-  { 

dition  of  the  Oysters  on  the  bed  at  the  mouth  of  the  : 

OgAven  Eiver,  near  Bangor,  so  I arranged  that  Mr. 

AndreAV  Scott,  from  Piel,  should  Ausit  the  locality,  take  ■ 

certain  observations,  and  bring  back  samples  of  oysters,  ^ 

of  deposits,  of  Avater  and  of  microscopic  food  materials  in  | 

the  neiorhbourhood  of  the  bed,  for  examination  in  the  ; 

. . i 

Liverpool  Laboratory.  Mr.  Scott  carried  out  his  inspec- 1 
tion  on  October  9th,  along  with  Mr.  Jones,  the  Head 
Bailiff  of  that  division,  and  brought  back  material  which 
I examined  AAuth  him.  The  oysters  are  Ostrea  edulis  in 
A’arious  stages  of  groAvth  (from  one  to  three  inches  in 
diameter),  and  are  evidently  living  and  reproducing 
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between  tide-marks.  Many  were  attacked  to  stones.  It 
is  consequently  a natural  oyster-bed,  but  it  is  evident 
from  the  condition  of  the  specimens  examined  that  there 
is  not  suthcient  food  on  the  ground  or  in  the  water  io 
constitute  the  locality  a good  fattening  area.  The  bodies 
:)f  the  oysters  were  found  to  be  very  thin  and  in  poor 
mndition  generally. 

The  bed  is  entirely  covered  at  each  tide,  and  only  ebbs 
|mmpletelv  dry  at  low'  w'ater  of  an  eighteen-foot  tide  wuth 
|[avour  able  w'eather.  The  bottom  is  hard,  being  composed 
of  gravel  and  shells,  w'itli  some  fine  mud  betw'een. 
samples  from  the  ground  and  from  the  w'ater  showed  that 
liatoms  and  other  minute  forms  of  life  which  are  so 
lecessary  in  the  case  of  a flourishing  oyster  fishery  w'ere 
bo  few  as  to  be  almost  absent.  It  is  quite  possible  that 
during  summer,  at  the  breeding  season,  more  microscopic 
[ood  may  be  present — perhaps  due  in  part  to  the  river, 
md  it  is  probable  that  the  bed  in  favourable  seasons 
:orms  a good  enough  spatting  ground ; but  all  the 
jvidence  before  us  shows  that  it  is  not  a favourable 
ocality  for  the  rearing  and  fattening  of  oysters.  Pro- 
jably  the  best  plan  would  be  to  use  it  as  a place  for  the 
n-oduction  of  spat,  from  which  a certain  proportion  of  the 
Voung  oysters  should  be  transferred  to  other  localities 
yhere  they  can  be  more  satisfactorily  nourished.  I think 
It  w'orth  while  to  try  whether  it  would  not  be  possible 
pv  the  judicious  placing  of  tiles  and  other  collectors, 
ind  by  certain  obstructions  in  the  water  channels  over 
p he  bed,  to  largely  increase  the  deposit  of  spat ; and  I 
jjhould  recommend  that  some  of  the  half -grown  oysters 
jDe  removed  to  certain  grounds  in  the  neighbourhood  of 
Piel,  on  the  south  and  south-east  sides  of  Foulney  Island, 
vhich  we  know  to  be  richly  supplied  with  diatoms  and  the 
)tlier  necessary  food,  in  order  that  their  growth  may  be 
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watdu'd  and  coinpai('d  willi  lliat  of  siinilai-  oystei-s  left  on 
the  bed  at  J^angov. 

1 think  it  is  a (|n(‘stioii  whether  the  s])al  on  tlie  Ogwen  ; 
bed  is  derived  wholly  froni  tin'  old  oysters  in  sight,  or 
whether  its  soure('  may  not  b(‘  individnals  in  dee])ei’  water 
somewhere  in  tin'  mdghboin  hood.  I pi’opose  to  visit  the 
bed  myself  during  mvxt  s])awning  scnison  in  order  to  trv 
to  settle  this  and  several  othei'  (jiiestions  in  connection 
with  the  reproduction  and  spatting  of  the  oyster.  * 

The  further  point  has  been  raised  that  the  Ogwen  River 
oyster-bed  may  be  liable  to  sewage  contamination  from' 
the  drains  of  Hangoi'.  The  oliservations  made  by  Mr. 
Scott  and  the  samples  brought  back  by  him,  although  not 
absolutely  (*onclusive  on  this  point,  certainly  suggest 
material  of  sewage  origin,  and  it  is  dithcult  to  believe  that 
under  certain  conditions  of  wind  and  tide  the  bed  can 
escape  from  pollution  by  the  town  drainage.  However, 
this  is  a matter  that  may  require  further  investigation,’ 
and  in  any  case  it  does  not  affect  the  value  of  the  locality- 
for  the  production  of  spat  and  the  rearing  of  Amung! 
oysters  which  may  be  fattened  elsewhere  before  being 
placed  on  the  market.  The  whole  question  of  the  dis-i 
posal  of  sewage  and  the  pollution  of  our  rivers,  estuaries- 
and  sea  shores  is  one  that  is  in  an  unsatisfactoiw  coiidi-  ■ 
tion,  and  requires  more  careful  consideration  than  it  has; 
yet  received.  ■ 

I desire  to  draw  the  attention  of  the  Committee  to  some  ^ 
points  in  connection  Avith  the  so-called  “Bacterial  treat-’ 
meiit”  of  seAAmge  (by  coke  filter  beds  or  by  septic  tanks),’ 
which  is  noAv  being  adopted  in  \-arious  parts  of  the^ 
country.  The  recently  published  report  to  the  London 
County  Council  by  Professor  Clowes  and  Dr.  Houston 
shows  that  the  effluent  discharged  after  such  treatment, 
although  it  may  seem  pure  and  have  some  objectionable 
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eatiires  removed,  eontains  practically  all  tlie  bacteria 
piind  in  the  crude  sewage.^'  broni  the  public  health 
foint  of  view  the  claritied  efllueiit  apparently  may  be 
ittle  if  at  all  better  than  the  original  untreated  sewage. 
Wilder  these  circumstances  1 would  ask — is  it  not  a very 
ei'ious  matter  that  such  an  effluent  should  be  allowed  to 
ischarge  anywhere  in  the  neighbourhood  of  shell-fish 
leds,  or  where  any  fishery  contaminationst  could  take 
dacer'  I may  also  remark  in  passing  that  however  pure 
inch  an  effluent  may  look  in  mixing  with  the  sea,  bathers 
Ihould  be  warned  against  its  dangers.  Another  point 
vith  which  we  are  not  directly  concerned  at  present, 
dthough  it  is  of  great  interest  to  the  scientific  man,  and 
nav  be  of  practical  importance  to  the  country,  is  whether 
‘normous  quantities  of  valuable  fertilising  materials 
;»vhich  ought  to  be  applied  to  the  land  are  not  now  being 
wasted  in  the  sea.  ^^  e can  leave  the  bathers  to  the 
sanitary  authorities,  the  question  of  fertilisers  is  one  for 
the  chemist  and  the  agriculturist ; but  we  are  directly 
concerned  with  the  coast  fisheries,  and  I would  urge  that 
the  Committee,  and  all  fisheries  authorities,  should  give 
most  careful  consideration  to  the  relations  between  shell- 
fish beds  and  any  sewage  effluents,  whether  “ treated  ” 
or  not. 

Early  in  the  year  I asked  Mr.  Johnstone  and  Dr.  J.  T. 

Jenkins,  who  was  at  that  time  working  in  my  laboratory 

at  Eisheries  subjects,  to  devote  a certain  amount  of  time 

in  each  week  to  a careful  examination  and  classification 

of  all  our  fisheries  statistics  (accumulated  during  eight  or 

:nine  years),  with  a view  to  the  drawing  of  any  conclusions 

I * London  County  Council  Bacterial  Treatment  of  Crude  Sewage.  Thii'd 
iBeport  by  Dr.  Clowes  and  Dr.  Houston,  lUOO. 

I;  t I am  not  alluding  to  the  conditions  in  the  Thames,  which  I do  not 
iiiiow  personally.  It  may  be  that  no  difficulty  arises  there.  I am  speak- 
1 ngof  the  question  generally,  as  such  effluents  may  be  likely  to  increase 
I i round  our  coast,  and  will  require  careful  attention. 
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whioli  mig-ht  be  indicated.  It  has  been  a lengthy  and 
troublesome  piece  of  work,  lasting  most  of  the  winter, 
and  over  a thousand  sheets  of  statistics  have  been  vei'v 
carefully  analysed.  The  results,  I regret  to  say,  are  t>y 
no  means  commensurate  with  the  labour  that  has  been 
expended.  For  the  majority  of  fishes  and  localities  the 
statistics  are  so  defective  or  so  vitiated  from  one  cause  or 
another  that  we  felt  that  no  reliable  conclusions  could  be 
drawn.  In  fact  it  was  decided  in  the  end  that  the  only 
area  in  regurd  to  which  we  had  sufficiently  detailed 
Information  was  the  shrimping  area  at  the  mouth  of  the 
Mersey.  Hence  the  article  on  that  area  by  Mr. 

Johnstone  and  Hr.  Jenkins  which  I include  in  this  Report 
(p.  164). 

But  it  must  not  be  thought  that  I regard  the 
time  and  labour  which  these  gentlemen  have  spent  in 
trying  in  vain  to  draw  conclusions  from  the  remaining 
statistics  as  lost  because  they  have  deduced  nothing  which  ’ 
we  are  able  to  publish  yet.  Far  from  it : it  has  led  to  ’ 
the  very  important  conclusion  that  the  system  we  have , 
hitherto  employed  on  the  fisheries  steamer  and  elsewhere 
in  the  district  is  really  inadequate,  that  the  statistics  are? 
not  taken  sufficiently  often  or  with  sufficient  regularity,' 
and  are  not  taken  with  sufficient  detail.  If  this  discovery  ' 
leads  to  the  adoption  of  a better  scheme  (such  as  the  one  . 
I suggest  below,  p.  149),  and  to  its  faithful  performance  ini 
the  future,  the  disappointment  Ave  haA^e  had  in  finding) 
one  after  another  of  the  series  ^ of  statistics  broken  byj 
unfortunate  omissions*  Avill  be  mitigated,  and  we  may  | 
then  hope  that  the  next  decade  Avill  be  so  traversed  by 

* Due  to  the  circumstance  that  we  have  only  one  small  steamer  avail- 
able for  all  the  police  and  other  administrative  work  of  a large  district,  in 
addition  to  what  I cannot  but  regard  as  of  still  greater  importance — viz., 
the  observational  work  on  the  condition  and  variations  of  the  fisheries  and 
their  causes. 
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observations  as  to  leave  no  doubt  as  to  the  conditions  of 
fisheries  and  the  progress  of  events. 

I have  spoken  of  the  statistics  as  being  incomplete  and 
■ inadequate  ; but  although  they  do  not  give  us  the  infornia- 
jtion  Ave  expected,  they  are  by  no  means  useless.  Every 
! correct  obseiA-ation,  and  there  are  many  thousands  of  such 
in  our  sheets,  is  of  value  even  if  it  deals  with  isolated 
facts.  It  may  give  useful  information  which  may  be 
' required  at  any  time,  and  w^e  hope  that  all  these  observa- 
: tions  may  fit  in  with  our  future  records  of  facts,  and  so 
play  their  part  eventually  in  the  elucidation  of  important 
points. 

Statistics  obtained  as  the  result  of  investigations  made 
Avith  regularity  at  fixed  spots  in  accordance  with  a definite 
: scheme  are  the  more  necessary  since  such  very  different 
1 conclusions  have  been  drawn  of  late  years  from  the  com- 
I mercial  statistics  as  supplied  by  the  Board  of  Trade.  One 
i of  the  most  recently  expressed  of  these  is  an  article  by 
i Mr.  Walter  Grarstang,  entitled  “ The  Impoverishment  of 
I the  Sea,”  in  AAdiich  the  conclusion  is  arrived  at  that  the 
I fish  population  is  decreasing  because  although  the  total 
I catch  increases  year  by  year,  the  take  joer  unit  of  catching 
power  diminishes.  I do  not  quarrel  with  Mr.  Oarstang’s 
conclusion,  but  the  argument  by  Avhich  he  arrives  at  it 
i does  not  carry  conviction.  Except  on  ground  where 
I there  is  practically  an  unlimited  number  of  fish,  doubling 
i the  number  of  boats  AAmuld  surely  not  lead  to  doubling 
' the  catch,  and  consequently  as  the  boats  increased 
; the  tahe  per  hoat  AA^ould  dimmish  to  some  extent  without 
there  being  necessarily  a permanent  reduction  of  the  fish 
population. 

Turning  to  another  important  side  of  fisheries  work, 
namely,  experimental  investigation,  it  is  of  interest  to 
note  that  in  the  tAventy-fifth  Report  of  the  United  States 
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Commission  of  Fish  ami  Fisheries,  just  pui)lished, 
Commissioner  (x.  M.  Howeis  states,  “ Oui-  ieading  tishei  v 
l)roduct,  the  oyster,  woith  about  |14,00(), ()()()  ainuially,  is 
readily  susceptible  of  increase  by  methods  of  cultivation, 
and  ea(*Ji  season  sliows  a largei-  ])io])ortion  of  the  market- 
able output  taken  fiom  planted  gjounds,  thus  insiudiig  a 
permanent  and  increasing  sup])ly.’'  lie  states  further 
that  while  the  natural  supply  of  oysters  is  surely  becoming 
exhausted,  the  areas  of  the  sea-bottom  which  aie  beim’' 
artificially  cultivated  are  becoming  more  and  more  pro- 
ductive, and  certain  States  Avhich  have  adopted  “ advanced 
cultural  methods  ’’  are  “ reaping  important  pecuniary 
returns.” 

Then  again,  “ There  is  unmistakable  evidence  of  an 
increased  abundance  of  Cod  in  the  inshore  waters  along 
the  entire  coast  from  Maine  to  Aew  Jersey.  This  may, 
without  hesitation,  be  attributed  principally  to  the  work 
of  artificial  propagation  centering  at  the  stations  of  the  • 
Commission  at  Gloucester  and  AVoods  Hole.”  < 

The  Commissioner  urges  that  new  ‘work  should  be  J 
undertaken  for  increasing  the  lobster  supply  by  artificial 
propagation.  He  states : During  the  past  five  years  | 
over  5U(J,000,U0U  young  lobsters  have  been  artificially  * 
hatched  by  the  Commission  and  planted  on  the  East  ^ 
Coast.  As  practically  all  the  eggs  from  which  these  were 
produced  would  have  been  destroyed  had  not  the  Com-  ’ 
mission  purchased  the  egg-bearing  adults  from  the  fisher-  | 
men,  it  can  hardl}-  be  doubted  that  these  operations  have  j 
had  a decided  influence  on  the  supphy  but  they  have  not  I 
as  yet  seemed  to  arrest  the  decline,  in  the  face  of  over-  ^ 
rishing  and  the  destruction  of  short  lobsters  and  brood 
lobsters  carrying  eggs.”  I have  had  an  interesting  letter 
from  Professor  H.  C.  Bumpus,  who  has  charge  of  the 
work  at  AVoods  Hole,  telling  of  the  details  of  the  methods 
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he  has  devised  “for  the  rearing-  of  voiiiig  lobsters  up  to 
the  fourth  moult,  at  which  time,  as  you  are  well  aware, 
ithe  animals  become  pugnacious,  their  shells  become  hard, 

: and  they  adopt  many  of  (he  peculiarities  of  habit  of  the 
adult,  and,  moreover,  they  appear  to  be  hardy  and  well 
I able  to  look  out  for  themselves.”  Professor  Bumpus  goes 
1 on  to  say — “ For  convenience  1 have  termed  this  stage 
I the  ‘ Lobsterling ' stage,  and  I am  inclined  to  think  that 
i if  we  should  succeed  in  raising  even  a small  percentage 
i of  the  frv  to  this  lobsterling  stage  before  liberating  them, 

! u*e  might  accomplish  for  the  lobster  fishery  what  the 
i release  of  ‘ fingerlings  ’ has  accomplished  for  the  trout 
j fisherv.  Inasmuch  as  you  are  experimenting  in  the  same 
I line,  and  since  one  of  the  most  important,  and  at  the 
I same  time  one  of  the  most  inviting  problems  of  marine 
biology  to-day  is  the  preservation  of  the  lobster  industry, 
I take  the  liberty  to  'tell  you  of  our  experiments  during 
I the  past  year,  and  if  you  should  have  opportunity  or 
inclination  to  adopt  similar  methods,  I should  be  very 
glad  to  learn  of  your  results.”  The  further  details  which 
are  given  have  been  sent  to  Mr.  Andrew  Scott  for  use  in 
j his  work  at  Piel.  Luring  last  summer  the  disturbance 
of  work  consequent  upon  the  sale  of  the  old  steamer  and 
1 the  purchase  of  the  new  one  prevented  any  supply  of 
!i  lobsters  from  reaching*  the  hatchery  until  it  was  too  late, 
I but  during  the  coming  season  we  hope  to  resume  work 
I upon  the  hatching  and  rearing  of  this  very  important 
economic  animal. 

In  concluding  this  general  part  of  the  Annual  Peport 
' I desire  to  draw  the  Committee's  attention  once  more  to 
the  pressing  need  of  a pond  or  some  large  open-air  tanks 
' at  Piel,  both  for  the  reception  of  spawning  fish  and  also, 
later  in  the  season,  for  the  purpose  of  rearing  the  fry 
ol)tained  by  the  hatching  operations.  The  tanks  would 
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also  be  useful  during  the  reinainder  of  the  year  for  many 
other  purposes. 

In  the  special  parts  of  this  lleport  which  follow  will  be 
found:— Mr.  Scott’s  account  of  the  hatching  operations 
at  Piel,  with  a description  of  the  new  ap])aratus  he  has 
devised  for  keeping  the  watei-  in  motion  ; Mi-.  Johnstone’s 
statistics  of  the  Mersey  Shrimjiing  Grrounds ; a report 
upon  the  dejiosits  on  these  grounds  in  relation  to  shrimps 
and  young  fish  ; a note  on  a new  parasite  in  the  plaice  ; 
Mr.  Scott’s  memoir  on  the  two  Copepod  Fish-Parasites  ; 
and  an  article  I have  thought  it  well  to  write  on  the 
necessity  for  a more  detailed  examination  of  our  fishim>' 

O 

grounds,  with  an  outline  of  a scheme  of  observational 
work  for  use  on  board  the  steamer,  to  which  1 desire  to 
call  the  special  attention  of  the  Committee. 

W.  A.  Herdman. 

Fniveksity  College,  Liverpool, 

JaiiiKtrt/,  1901. 
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* Theiie  were  referred  to  in  detail  in  last  year’s  report,  at  p.  10: 
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Reqeired  Servea^  of  oer  Fishing  Groends,  with 
Xew  Scheme  of  AFork  at  Sea. 

By  W.  A.  Herdman. 

In  last  year’s  Report,  at  p.  14,  in  an  article  on  ‘‘  Sea- 
Fisheries  Conferences  and  the  need  of  a ‘ Census  ’ of  onr 
Seas,”  I pointed  out  that  what  we  stand  most  in  need 
of  at  present  is  full  and  accurate  statistics  in  regard  to 
onr  fisheries,  and  much  more  detailed  information  than 
we  haye  as  to  the  distribution  round  the  coast  both  of 
Fishes,  in  all  stages  of  growth,  and  also  of  the  lower 
animals  with  which  they  are  associated,  and  upon  which 
they  feed.”  I then  proceeded  to  propose  a scheme  of 
investigation  which  I characterised  as  “ the  nearest 
possible  approximation  to  a census  of  our  seas — ^beginning 
with  the  territorial  waters  and  those  offshore  grounds 
that  supply  them  and  are  definitely  related  to  them.” 
The  work  would  be  partly  of  a statistical  nature  and 
partly  scientific  observations  and  inyestigations,  and 
it  seems  clear  that  it  is  only  by  such  methods  that  we 
can  hope  to  settle  many  important  fishery  questions. 

I do  not  think  that  I am  under-estimating  the  magni- 
tude, the  difficulties  and  the  probable  imperfections  of 
such  a scheme  as  I propose.  I am  aware  that  all  we  can 
hope  to  attain  is  an  approximation,  but  even  a rough 
approximation  will  be  of  use,  and  if  carried  out  on  the 
right  lines  it  is  an  approximation  which  will  approach 
more  and  more  nearly  to  the  truth  with  each  successive 
year  of  work. 

The  fishery  statistics  collected  and  published  at 
present  by  the  Board  of  Trade  are,  I contend,  inadequate. 
They  do  not  give  us  the  information  we  require.  The 
system  does  not  seem  to  be  designed  so  as  to  realise  and 
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tackle  the  problem  which  ought  to  be  tackled.  What  we 
should  aim  at  ascertaiiiiiig  is  not  what  a lisbermaii 
catchevS,  but  what  there  is  for  him  to  catch.  We  must  in 
fact  get  sei’ies  of  accurate  observations  which  will  give 
us  fair  samples  of  the  more  sedentary  populations  of  our 
seas  on  the  different  grounds,  such  as  trawling  grounds, 
shrimping  grounds,  nurseries  and  spawning  banks,  at  the 
different  seasons.  I have  s[)oken  of  this  in  brief  as  ; 
to  aim  at  taking  an  approximate  “census”  of  the  sea,  | 
but  that,  of  course,  is  too  ambitious  a word,  and  indicates 
an  exactness  to  which  we  probably  could  never  hope  to 
attain.  Still  the  word  seiwes  to  remind  us  of  our 
approximate  aim,  and  if  we  can  even  determine  the 
numbers  of  a species  on  an  area  between  wide  limits,  it 
will  be  of  great  importance. 

The  investigation  is,  of  course,  beset  with  difficulties, 
but  they  are  not  insuperable.  One  great  difficulty  is  to 
determine  to  what  extent  we  can  safely  draAv  conclusions 
from  our  observations.  fn  speaking  of  this  matter  , 
recently  to  a Liverpool  audience  I made  use  of  a homely  . 
illustration,  which  may  be  worth  repeating  here  as  a ^ 
possible  help  to  some  readers  in  realising  the  problem.  I i 
compared  the  investigation  to  the  case  of  an  aeronaut  in  a 
balloon  trawling  along  the  streets  of  LiA’erpool  through  a > 
thick  fog.  We  may  suppose  that  a drag  in  the  neighboui  - , 
hood  of  L'niversity  College  would  yield  some  students — ^ 
male  and  female — and  a professor ; one  somewhere  about  | 
the  docks  would  doubtless  capture  some  sailors,  dock  | 
labourers,  and  a stevedore  or  two,  while  a lucky  shot  ^ 
opposite  the  Town  Hall  might  bring  up  a policeman,  an 
electric  car,  and  a couple  of  Aldermen.  Aow,  if  such 
experiences  were  repeated  over  and  over  again,  would  the 
conclusions  that  might  naturally  be  drawn  by  the  intelli- 
gent aeronaut  as  to  the  relations  between  organisms  and 
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environment  in  Liverpool  be  correct  Tlie  observed 
association  of  students  witii  a professor,  and  of  botli  with 
a college,  would  be  justifiable.  It  would  be  correct  to 
conclude  that  sailors,  dock  labourers  and  stevedores 
frequent  the  docks,  and  that  Aldermen  have  some  con- 
nection with  a Town  Hall : but  the  fact  that  electric  cars 
are  also  abundant  in  front  of  the  Town  Hall  is  non- 
essential,  and  any  conclusion  such  as  that  Aldermen  and 
I electric  cars  are  usually  associated  with  the  same  habitat, 
j and  are  in  anv  way  inter-dependent,  would  be  erroneous, 
i AVe  can  imagine  many  other  cases  of  this  kind  where 
I appearances  might  at  first  be  deceptive,  and  false 
I inferences  might  be  drawn  from  observed  facts.  On  the 
I other  hand,  some  true  conclusions  would  be  clearly  indi- 
cated ; and  I do  not  doubt  that  it  is  much  the  same  in 
i our  investigations  as  to  the  condition  and  population  of 
' the  sea-bottom.  It  is  probable,  moreover,  that  the  false 
inferences  would  be  corrected  by  the  accumulation  of  a 
' greater  number  of  statistics.  It  might  be  made  out  from 
further  observations  that  electric  cars  are  liable  to  become 
i massed  in  various  parts  of  the  town,  and  have  no  necessary 
i connection  with  Aldermen,  and  that  policemen  are  widely 
[i  but  sporadically  distributed.  The  more  numerous  our 
observations,  the  more  our  statistics  accumulate,  the  less 
chance  is  there  of  erroneous  conclusions. 

My  contention,  then,  is  that  such  an  investigation  of 
our  seas  must  be  made,  that  it  is  urgent  and  s'hould  be 
made  now,  and  that  the  Irish  Sea  is  favourably  situated 
and  circumstanced  at  present  to  be  made  a test  case  before 
undertaking  the  much  wider  and  still  more  difficult 
expanse  of  the  Xorth  Sea,  complicated  by  international 
questions.  The  Irish  Sea  is  of  moderate  and  manageable 
dimensions  (see  fig.  p.  144).  It  is  all  bounded  bv  British 
teri  itory  and  by  sea  fisheries  authorities  who  might  agree 
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as  to  their  reg-ulatioiis.  Tt  is  a “ self-eon taiaed  ” tish  area, 
containing  spawning  banks,  feeding  grounds  and 
‘‘nurseries.”  It  has  several  laboratories  (Liverpool, 


Plan  of  the  Irish  Sea,  showing  depths  of  water.  The  deepest  shading  . 

is  from  50  to  80  fathoms.  ( 

Lublin,  Port  Erin  and  Piel)  on  its  borders  which  would 
form  centres  for  investigation,  and  it  is  controlled  b}’ 
powerful  sea-fisheries  authorities,  two  of  which  . 
at  least  (Lancashire  and  Ireland)  are  provided  with  j 
excellent  steamers  which  might  combine  in  the  work.  I 
All  that  is  required,  beyond  a carefully  considered  scheme  ; 
of  work,  is  authority  from  the  Grovernment  to  the  local  ] 
Committees  to  carry  out  such  work,  and  a subsidy  for  say 
five  years  to  meet  the  increased  expense. 

The  Select  Committee  of  the  House  of  Commons,  which 
considered  the  Undersized  Fish  Bill  last  summer,  clearly 
recognised  in  their  report  the  need  of  some  such  scheme 
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of  investigations,  and  tliey  recommended  that  a Govern- 
ment Department  should  be  equipped  to  carry  it  out.  I 
am  of  opinion  that  the  matter  would  be  better  entrusted, 
as  I have  indicated  above,  to  the  local  Sea-Fisheries 
Committees.  However,  there  are  the  two  methods — 

1.  To  form  a properly  equipped  Government  Depart- 

ment (comparable  with  the  Geological  Survey), 
with  laboratories  and  steamers  and  a scientific 
staff  competent  to  tackle  the  scientific  problems 
involved.  This  is  the  method  adopted  in  the 
United  States  and  elsewhere. 

2.  The  other,  and  perhaps  the  more  characteristically 

English  method,  is  to  give  fuller  powers  to  the 
local  authorities,  and  to  encourage  them  to  spend 
money  on  the  necessary  investigations  in  their  own 
districts. 

Correct  statistics  are  very  important,  and  they  could 
probably  be  taken  at  least  as  efficiently  by  the  sea-fisheries 
officers,  under  the  control  and  supervision  of  the  Fisheries 
Superintendent  in  each  district,  as  by  the  Board  of  Trade 
officials  ; but  no  system  for  the  collection  of  statistics  even 
if  much  better  than  that  now  employed  can  take  the  place 
of  a scheme  of  periodic  scientific  observations  and  investi- 
gations such  as  I desire  to  see  carried  out  all  around  the 
coast  by  the  local  Sea-Fisheries  Committees. 

It  is,  I think,  agreed  on  all  hands  that  what  is  most 
urgently  required  is  facts — but  facts  that  can  only  be 
ascertained  by  continuous  work  on  a sufficiently  large 
scale.  The  Select  Committee  on  the  Sea-Fisheries  Bill 
last  summer  reported  that  the  Scottish  Fishery  Board’s 
“ investigations  have  been  hampered  by  inadequate  means. 
They  have  not  much  money  at  their  disposal,  and  the 
vessel  which  they  have  for  the  purpose  of  scientific  inves- 
tigation is  undoubtedly  too  small.” 
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But,  incredible  as  it  may  seem,  hlrujlaiid  has  no  vessel 
at  all,  large  or  small,  devoted  to  the  purpose  of  such  j 
investigations.  How  long  will  this  al)surd  condition  of 
affairs  be  allowed  to  continue  in  this  rich  country,  with 
its  boasted  advanced  position,  enlightened  views  and  keen 
eye  to  practical  applications!''  iSot  only  other  civilised 
countries  but  even  some  of  our  own  colonies  are  far  in 
advance  of  us  in  the  public  utilisation  of  Marine  JBolo-  I 
gical  investigations.  I 

Norway  is  a poor  country,  but,  in  some  directions  at 
least,  an  enlightened  one.  Here  is  the  latest  item  of 
news  in  regard  to  her  fisheries  investigations : — “ The 
Norwegian  Government  has  built  and  fitted  out  a steam 
vessel  for  the  express  purpose  of  marine  scientific 
research,  and  has  placed  her,  as  well  as  a trained  staff  of 
assistants,  in  charge  of  Dr.  Johan  Hjort  as  leader  of  the 
Norwegian  Fishery  and  Marine  Investigations.  The 
vessel  herself,  the  “ Michael  Sars,”  has  been  constructed 
in  NoiAvay  on  the  lines  of  an  English  steam  trawler — that  ^ 
type  of  boat  being  regarded  as  the  most  seaworth}^  and  ; 
suitable  for  such  an  expedition — but  considerably  larger,  ^ 
being  132  feet  in  length,  23  feet  beam,  and  fitted  with  ' 
triple-expansion  engines  of  300  horse-power.  The  fishing 
gear  includes  inter  alia,  trawls,  nets,  and  lines  of  all  kinds, 
with  massive  steel  hawsers  and  powerful  steam  winches  , 
to  work  the  heavy  apparatus ; while  the  numerous  | 
scientific  instruments  are  of  the  very  best  and  latest  I 
description.  The  expedition  left  Christiania  in  the  j 
middle  of  July  on  what  may  be  termed  its  trial  trip  along  ^ 
the  Norwegian  coast  (accompanied  for  part  of  the  time 
by  Dr.  Nansen,  who  was  desirous  of  testing  various 
instruments  in  which  he  had  made  improvements), 
and  has  just  sailed  from  Tromso  on  a lengthy  cruise  to 
the  North  Atlantic  and  Arctic  Oceans.  Dr.  Hjort  has 
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I already  added  so  miicli  to  tlie  knowledge  of  pelagic  fishes, 
f their  life,  habits,  and  the  causes  affecting  their  migra- 
i tions,  that,  with  the  means  now  at  his  disposal,  a con- 
\ siderable  amount  of  valuable  information  will  probably 
I be  g'ained  which  will  prove  of  service  to  the  fishing 
I industry  of  all  nations.” 

I What  Xorway  can  do,  surely  the  whole  western  sea- 
board of  England,  from  Cumberland  to  South  Wales,  now 
united  in  one  Sea-Fishery  District,  ought  to  be  supplied 
with,  or  be  able  to  ahord.  Surely  we  may  hope  to  see  in 
the  immediate  future  a steamer,  at  least  of  the  size  and 
equipment  of  a modern  steam  trawler,  devoted  solely  to 
that  combination  of  scientific  and  economic  oceano- 
graphic investigations  in  the  Irish  Sea  of  which  every 
conference  of  Fisheries  Authorities,  Commissions  and 
Select  Committees  of  recent  years  has  had  to  deplore  the 
absence. 

In  addition  to  the  investigation  of  the  bottom  by 
dredging  and  trawling,  the  plankton  in  the  surface  and 
other  waters  uf  the  sea  would  require  periodic  examina- 
tion. This  matter  has  been  discussed  full}^  during 
' the  past  summer,  both  at  Port  Erin  and  Liverpool, 
amongst  our  local  naturalists,  some  of  whom  have  had 
much  experience  of  late  years  in  plankton  work.  In 
; order  to  get  an  adequate  idea  of  the  distribution  of  the 
minute  floating  organisms  of  our  seas,  we  should  certainly 
require  to  have  weekly  observations  (or  possibly  even 
twice  a week)  taken,  at  both  surface  and  bottom,  at 
certain  specified  stations  round  the  coast,  of  which  we 
should  recognise  four  as  being  necessary  in  the  Irish  Sea, 
and  about  16  round  the  whole  British  Coast.  The 
Lancashire  Naturalists  are  willing  to  play  their  part  in 
any  such  general  scheme,  but  in  the  meantime  we  are 
going  on  with  the  work  in  our  own  district.  Mr,  Isaac 
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Thompson  at  Liverpool,  Mr.  A.  Scott  at  Lie],  .Mr. 
Chadwick  at  Port  Erin,  and  Mr.  Ascroft  at  Lythain,  are 
all  at  work,  and  we  have  drawn  u])  and  a^'ieed  upon  the 
following  comnion  list  of  pelagic  organisms  the 
occuri’ences  and  i-elative  abundance  of  which  in  the 
various  parts  of  our  district  will  b(‘  periodically  registered 
for  each  week  in  the  year;- 

Eish  eggs,  fish  larvae,  Appendicularia,  gastroiHul  larvae, 
larval  lamellibranchs,  lai  val  crabs,  other  larval  crusta(*ea. 
Alteutha  interiupta,  donesiella  hyienae,  Aeaitia  s])., 
Temora  longicornis,  Isias  (davijies,  Centropages  sp., 
Ifuterpe  acutifroiis,  Chilanus  finmai'chicus,  Anonialocera 
[)atersoni,  Pseudocalanus  elongatus,  Oithona  spinifrons. 
eggs  and  larvae  of  copepoda,  Podon  intermedium,  Evadne 
nordmaiini,  larval  Cirrij)edia,  Jkdiinoderm  larvae,  Autoly- 
tus  sp.,  Toniopteris  onisciformis,  larval  Polychaeta,  Sagitta 
sp.,  larval  Polyzoa,  Ctenophora  (state  which).  Medusa; 
(do.),  Medusoid  Gronophores  (do),  Xoctiluca  sp.,  Ceratiuin 
sp.,  Phizosolenia  sp.,  Chaetoceros  sp.,  Ifiddulphia  sp.i 
Coscinodiscus  sp.,  Aitzchia  sp. 

Mr.  Ascroft  is  especially  devoting  his  attention  to  out 
plankton  work,  and  is  now  receiving  and  examining 
collections  from  various  parts  of  the  district.  We  hope 
that  he  will  be  able  to  contribute  an  account  of  these  tr 
our  next  Keport.  ! 

With  a view  to  making  the  best  use  of  the  time  untij 
the  “ census  ” investigations  which  I have  recommended 
above  are  started,  or  until  a steamer  is  obtained  solely  fo| 
scientific  work  in  the  Irish  Sea,  I drew  up  in  Octobei 
the  following  scheme  of  observational  work  which  I hoped 
would  be  carried  out  by  the  new  Lancashire  Sea-Fisheries 
steamer  when  she  started  on  her  routine  work.  The 
scheme  was  submitted  to  the  Committee,  and  although  it 
has  not  yet  been  formally  adopted  for  execution,  I hope 
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that  it  will  now,  in  the  light  of  the  arguments  as  to  the 
importance  of  such  work  which  I have  urged  above, 
leceive  further  consideration,  and  become  as  soon  as 
possible  an  important  part  of  the  monthly  work  of  the 
steamer.  I reprint  the  scheme  verhatiin  from  the  docu- 
ment privately  issued  in  ^"ovember:  — 

“Lancashire  and  AVestern  Sea  fisheries. 

“ Dr.  Herdman’s  Scheme  of  Investigations. 

“ Preston,  1990. 


“ To  the  Lancashire  and  Western  Sea  Fisheries  Committee. 

“ Prom  Professor  AV.  A.  Herdman,  D.Sc.,  P.P.S., 

“ University  College,  LAerpool, 

“ October,  1900. 

“ If  there  is  one  point  more  than  another  that  the 
numerous  Fisheries  Congresses  and  Enquiries  of  recent 
years  have  made  quite  clear,  it  is  that  wdiat  we  now  need 
most  for  a proper  understanding  of  the  condition  of  the 


Sea  Fisheries  of  Aorth-AAAstern  Europe  is  a much  more 
detailed  knowledge  than  we  have  of  the  populations  of  all 
parts  of  our  seas.  Such  knowledge  can  only  be  obtained 
by  trawlings  and  other  observations  conducted  regularly, 
frequently,  and  according  to  a definite  scheme-  Accurate 
practical  work  of  this  kind  is  usualL  called  scientific 
investigation,'  but  it  must  be  remembered  that  science  is 
merelv  organised  common-sense;  and  that  any  obseiva- 
tions  made  accurately,  and  intelligently  directed  towards 
the  ascertainment  of  facts,  are  scientific.  The  Select 
Committee  of  the  House  of  Commons  refused,  last 
summer,  to  recommend  the  Sea  I isheries  Dill  because  of 
the  want  of  statistics  based  upon  such  ‘scientific  investi- 
gations.’ It  is  thus  evident  that  the  systematic  scientific 
investigation  of  our  seas  is  of  practical  importance,  and 
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is  vevv  Iii-gent,  since  Fisheries  legislation  is  blocked  for 
want  of  the  information  which  such  investigations  alone 
can  give. 

“ A scheme  of  scientific  work  has  been  carried  out  for 
some  years  on  board  the  ‘ John  Fell,’  but  the  observations 

although  useful  for  many  purposes — have  been  neither 
sufficiently  numerous  nor  sufficiently  regular  to  admit  of 
reliable  conclusions  as  to  the  abundance,  movements,  and 
life-histories  of  the  fish  being  drawn.  iAow  that  a more 
efficient  steamer  has  been  obtained,  I would  urge  strongly 
upon  the  Committee  the  importance — and  even  necessity 

if  'W’e  ure  to  make  any  advance  in  our  knowledge  of 
how  and  where  fishes  live  in  the  sea,  of  devoting  a certain 
amount  of  the  steamer’s  time  to  the  taking  of  regular 
periodic  observations  at  fixed  points  according  to  a 
definite  plan. 

“ After  full  consideration  of  what  is  desirable  and  what 
is  possible  in  our  District,  with  a steamer  which  has  also 
to  carry  out  police  and  other  administrative  duties,  I have 
drawn  up  the  following,  which  I believe  to  be  a workable 
scheme,  and  one  which  is  calculated  to  give  us  the  kind 
of  information  we  require  as  a basis  for  the  just  and 
adequate  regulation  and  administration  of  our  District. 

“ I venture  to  think  that  if  some  such  plan  of  observa- 
tions had  been  adopted  fifty  or  even  twenty  years  ago,  it 
is  not  too  much  to  say  that  the  results  would  be  invaluable 
at  the  present  day  to  the  Naturalist  and  to  the  Fisheries 
Administrator  alike.  In  face  of  the  statistics  so  acquired, 
many  of  our  Fisheries  questions  could  not  have  arisen. 
There  could  no  longer  be  doubt  as  to  whether  a particular 
Fishery,  or  Coast  Fisheries  in  general,  had  or  had  not 
declined  ; as  to  whether  the  destruction  of  immature  dabs 
benefitted  or  not  the  neighbouring  population  of  young 
plaice ; as  to  wFether  solenettes  can  possibly  interfere 
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kvitli  young  soles  of  the  same  size;  as  to  whether 
I - nursm'ies  ” are  already  overstocked  with  young  fish,  or 
may  with  advantage  be  replenished  as  the  result  of  arti- 
ficial hatching  operations. 

••  If  public  opinion  has  advanced,  and  Fisheries 
administration  is  more  enlightened  now  than  it  was  fifty 
or  twent}’  vears  ago,  let  us  see  to  it  that  the  reproach  of 
the  nineteenth  century  is  not  continued  on  into  the 
twentieth.  I submit  this  Scheme  to  the  Committee  in 
the  hope  that  they  will  authorise  its  immediate  adoption 
on  board  the  steamer,  with  a view  to  starting  the  new 
century  well  by  having  reliable  and  adequate  monthly 
Fishery  Statistics  taken  for  the  first  time  in  January, 

“ W.  A.  Herdman.” 

“Suggested  Scheme  of  h ishery  ObseiA  ations. 

“ Regular  Monthly  Observations  (as  far  as  possible 
during  the  first  week  or  ten  days  of  each  month)  should 
be  made  on  the  following  five  Stations — as  shown  on  a 
; Chart  marked  by  Mr.  Dawson  : — 

Station  1. — Blackpool  Closed  Grround. 

Station  2. — A similar  area  a little  further  South. 

Station  3. — Mersey  Shrimping  Oround,  Burbo  Bk. 

Station  4. — Outside  A.A\  . Lightship  to  2U  fath.  line. 

Station  5.— Red  Wharf  Bay,  Anglesey. 

“ Stations  1 and  2 are  important  for  comparison  with 
one  another ; Station  3 gives  information  on  shi  imping 
and  immature  fish  questions  ; Station  4 is  on  interesting 
ground,  just  outside  the  territorial  waters  ; and  Station  5 
is  an  important  trawling  area  in  the  newly  amalgamated 
Welsh  portion  of  the  District. 

“ The  Observations  made  should  include  : — 

I.  Drags  with  the  fish  trawl  and  shrimp  trawl. 

II.  Plankton  collections  with  surface  and  bottom 
tow-nets. 
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III.  1 liysical  Observations  witli  tlierinorneiers, 
bydroineters,  &c. 

I*  ish  cuid  Shviiii])  rraioliuff  ( )hHCi‘vaiioiiH. 

“ (a)  Drags  should  be  made  under  strictly  uniform 
conditions:  that  is,  the  same  trawl  net  should 
always  be  used,  and  the  drags  should  be  of 
uniform  length  and  duration,  in  order  that 
they  may  he  as  strictly  as  possible  comparable 
with  one  another.  In  addition  to  the  fish 
trawl,  it  would  l)e  very  useful — especially  at 
Stations  1,  2,  and  d— if  a haul  of  the  shrimp 
trawl  could  also  be  taken. 

“ (b)  Every  drag  should  be  recorded,  irrespective  of 
the  numbers  of  fish  caught.  A poor  haul  is 
just  as  important  for  statistical  purposes  as  a 
successful  one. 

(c)  All  the  fish  caught  should  be  measured,  and  the 
numbers  of  each  kind  and  size  accurately 
recorded  on  a Form  similar  to  the  one  ! 
appended. 

“ (d)  Two  or  three  individuals  of  each  of  the  more  ' 
important  kinds  of  fish — such  as  plaice,  sole, 
cod,  haddock— from  every  haul  should  be  ' 
weighed  and  measured  separately.  The  ; 
ovaries  should  then  be  taken  out  and  weighed,  ‘ 
and  the  results  recorded  on  the  Form.  Anv-  | 
thing  noteworthy  in  the  condition  or  1 
appearance  of  the  ovaries  should  also  be  added,  j 

“ (e)  Mention  should  be  made  of  any  unusual  fishes 
or  invertebra ta  taken  in  the  trawl,  and  also  of 
any  special  abundance  of  common  things  such 
as  star-fishes,  crabs,  molluscs,  jelly-fish, 
zoophytes,  worms,  or  other  fish  food.  , 
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Uimsiial  specimens,  or  anything  not  recognised 
should  always  be  preserved  for  examination  in 
the  Liverpool  Laboratory. 

Plankton  " kor  Tow-Net  J Collections. 

“ Tow-nettings  should  be  taken  along  with  every  drag 
of  the  hsh  trawl.  One  haul  with  a bottom  and  one  with 
a surface  net  should  be  made  on  each  occasion.  ihe 
collections  should  be  at  once  preserved  in  formaline 
solution,  and  sent  to  the  Liverpool  Laboratory  as  soon  as 
convenient  after  landing.  Extra  tow-nettings  should  be 
taken  as  frequently  as  possible.  All  such  observations 
on  the  floating  life  of  the  sea  (which  includes  the  eggs 
and  the  microscopic  food  of  many  fishes)  are  most  useful. 
Even  short  hauls  of  half-an-hour's  duration,  taken  twice 
a week,  will  probably  suffice  to  give  a fairly  accurate  idea 
of  the  movements  of  the  Plankton  in  the  Distiict. 

HI. — Ph}/sieal  Observation s . 

“ (a)  Sea  Temperatures. — Surface  and  bottom  obser- 
vations should  be  taken  at  the  beginning  and 
end  of  each  drag.  Bottom  temperatures 
should  be  taken  with  a reversing  thermometer. 
“ (6)  Specific  Gtravity  of  the  Sea  Water. — Surface 
and  bottom  observations  should  be  taken  at 
the  beginning  and  end  of  each  drag.  Bottom 
observations  should  be  made  on  samples  of  the 
bottom  water,  taken  with  a Mill  s bottle. 

“ (c)  Air  Temperature.— One  observation  at  the 
beginning  of  each  drag  should  be  taken  foi 
comparison  with  the  sea  temperature. 

‘‘  (d)  Barometric  Pressure. — One  observation  taken 
at  the  beginning  of  each  drag  is  sufficient. 

“ (e)  Transparency  of  the  Sea  Water.  One  obser- 
vation should  be  taken  at  the  beginning  of 
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each  drag,  and  if  an}^  notable  change  has  taken 
place  in  the  water,  a second  observation  should 
be  made  at  the  end. 

if)  St.ite  of  ind.  Tide,  Sea,  W eather,  &c., 
should  be  recorded  on  the  Form  supplied. 

“ The  above  scheme  applies  only  to  the  work  on  board 
the  steamer.  The  observations  carried  on  by  the  bailiffs 
in  inshore  waters  should,  of  course,  be  continued,  and 
weekly  tow-nettings  should  be  taken  in  each  division  of 
the  District. 

“ The  Forms  containing  the  results  of  the  above  obser- 
vations should  be  posted  to  the  Fisheides  Laboratory, 
University  (’ollege,  Liverpool,  with  the  least  possible 
delay,  as  it  is  important  that  early  information  should  be 
obtained  of  any  unusual  occurrence  or  any  change  in  the 
distribution  of  fish  and  Plankton  throughout  the  District. 

A cop\  of  the  Form  upon  which  the  observations 
should  be  recorded  is  appended.’’ 

[N.B. — The  Form  on  p.  155  is  a compressed  version  of  the  ; 

original.]  • 
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. of  Observations  made  on  Station  Do.  Date 

ns  at  beginning  and  end  of  drag. 


Dtion  of  net. 

let  down,  beginning  and  end  of  drag, 
f tide  at  beginning  of  drag. 


during  drag,  beginning  and  end  of  drag. 
* of  bottom, 
il  remarks. 


PHYSICAL  OBSERVATIONS. 

Darency  of  water,  beginning  and  end  of  drag, 
leter,  beginning  of  drag, 
tnperature,  beginning  of  drag. 

:e  temperature  of  water,  beginning  & end  of  drag 
'.n  temperature  of  water,  do. 

ic  gravity  of  surface  water,  do. 

ic  gravity  of  bottom  water,  do. 

■al  remarks. 


lock.. 


No  of  fish' 
i selected. 

Weight. 

Wt.  of 
Ovaries. 

General 

condition. 

1 

1 

i i 

1 

1 

1 

Description  of  Catch. 


Name  of 
fish. 


Size  in  inches.  Total 
4 1 6“'8,&c  No. 


Sole 

Plaice 

Dab 

Flounder 
Lemon  Sole 
Cod 

Whiting  .. 
Haddock  . 
Skate 


5-J  CC  i 


< 


Surface  tow-netting — To  be  filled 
up  in  Laboratory. 


Bottom  tow-netting — To  be  filled 
up  in  Laboratory. 


Note  any  unusual  fishes  or 
invertebrates. 
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Tiik  Fish  Hatchery  at  Piel. 

By  Andrkw  Scott. 

Ill  last  year’s  llepoi  l,  p.  25,  it  is  stated  that  whiti*  dukes 
Avere  being  collected  and  kept  in  the  tanks  at  Piel  in  the 
hope  of  tlieir  spaAvning  in  the  s[)ring.  Befoi-e  iJie  end  of 
^aniiaiT  150  fish  had  been  placed  in  the  tanks.  The 
ratio  of  the  sexes  Avas  three  females  to  tAvo  males.  The 
fish  Avere  all  collected  in  Barrow  Channel  by  the  local 
police  boat  in  charge  of  Mr.  AVright. 

The  fish  thus  collected,  oAAdiig  to  unforeseen  circum- 
stances, proved  to  be  the  main  souice  from  Achich  the 
eggs  Avere  obtained  for  incubation  during  the  spaAAuiing 
season  of  1900.  The  rough  AA-eather  Avliich  prevailed 
in  the  earlier  part  of  the  year,  along  Avith  the  necessary 
arrangements  for  the  sale  of  the  steamer,  Avhich  took  place 
in  the  middle  of  the  spawning’  season,  prevented  the 
sf earner  from  doing  very  much  to  help  in  collecting  eggs 
at  sea  or  from  the  traAvlers. 

In  the  earliei’  part  of  the  year,  hoAvever,  the  steamer 
made  a number  of  visits  to  the  spaAAning  grounds.  On  v! 
three  occasions  eggs  were  obtained,  tAAuce  from  the  Clyde 
and  once  from  fish  caught  by  the  trawlers  Avorking  on  « 
the  offshore  grounds.  The  first  eggs,  collected  from  fish  ' 
caught  in  the  Clyde,  March  12th-16th,  AA’ere  practically  ' 
all  lost  through  the  rough  Aveather  encountered  on  the  . 
homeAvard  journey.  The  second  lot,  also  from  the  Clyde,  \ 
arrived  on  March  28th  in  much  better  condition,  and  | 
yielded  good  results.  The  third  lot,  from  the  offshore  ] 
giounds,  collected  April  5th  to  Gth,  AA’ere  equally  satis-  j 
factory.  Altogether  2;4T4,800  fry'  AATre“hatchecr'^and  set 
fiTe_fi:oni  the  eggs  collected  b^’  ~fhe  'steamer.  A iraniber — 
of  nearly  ripe  plaice  were  brought  TiA>m-4he- Clyde -en-the  - 
first  Ausit.  Some  of  these  spaAvned  in  our  tanks,  yielding  - 
ail  additional  b5,()(J0  fry. 
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Tile  first  fertilised  eggs  from  tlie  flounders  stored  in 
our  tanks  were  obtained  on  Marcli  8th..  These  fish  con- 
tinued to  supply  eggs  until  the  middle  of  May,  and  from 
these  nearly  twelve  millions  of  fry  were  eventually  set 
free.  The  total  number  of  living  eggs  placed  in  the  boxes 
was  16,000,000,  and  the  number  of  fry  set  free  14,144,400, 
so  that  the  loss  during  incubation  was  only  a little  ovei 
11’5  per  cent.,  a very  low  percentage.  The  duration  of 
incubation  was  16  to  IT  days  for  the  plaice,  cod,  and 
haddock,  and  T to  9 days  for  the  flounder. 

The  success  of  the  incubation  was  probably  due  to  the 
healthy  condition  of  the  eggs  dealt  with,  and  also  to  the 
employment  of  apparatus  giving  a rocking  motion  to  the 
hatching  boxes  (see  below,  p.  158). 

The  following  list  gives  the  number  of  fry  set  free, 
and  the  dates  on  which  they  were  liberated.^  Those 
marked  with  an  asterisk  were  hatched  from  eggs  collected 
by  the  steamer.  All  were  placed  in  some  part  of  that 
wide  area  of  our  sea  known  as  Morecambe  Bay. 

March  21.  1,126,000  flounder. 

848.000 

598.000 

20.000  haddock.* 

520.000  flounder. 

15.500  plaice.* 

23.000  „ 

934,400  „ 

583,300  „ * 

830,200  „ 

219,800  cod.* 

285,700  haddock.* 

87.500  plaice.* 

128,600  flounder. 

1,896,000 


April 


12 

12 


12 

17 


20. 
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April 

20. 

42,000  [)laice. 

20. 

43,000  „ * 

^ ? 

2d. 

718,000  cod.* 

n 

2d. 

402,000  haddock 

?? 

2d. 

581,000  flounder 

?? 

20. 

801,000 

-Ma}- 

1. 

805,000 

55 

1 . 

1,447,000 

5 5 

10. 

630,400 

55 

14. 

368,000 

55 

22. 

111,000 

Total 

14,144,400 

J)uiing  tlie  autumn  tlie  liatcliing  apparatus  lias  been 
thoroug'hly  overhauled,  and  is  now  ready  for  use  again. 

A fresh  stock  of  flounders  (amounting  to  over  large 
healthy  fish)  has  been  collected  during  the  last  three  ' 
months  of  1900,  so  that  part  of  the  supply  of  eggs  for  i 
the  season  1901  is  practically  secured.  With  the  help  of  ^ 
the  new  steamer,  and  favourable  weather,  it  is  probable  ' 
that  there  will  be  a larger  number  of  fry  set  free  this  ? 
year  than  has  yet  been  possible.  ! 

Description  of  an  Apparatus  for  keeping  Eggs  in  motion.  ' 
(See  Plate  A.) 

To  successfully  incubate  large  numbers  of  floating  eggs  \ 
in  the  limited  areas  of  the  usual  hatching  tanks  the  water  | 
must  be  kept  in  constant  movement.  When  the  eggs  j 
are  not  disturbed  they  gravitate  towards  each  other,  | 
forming  a layer  on  the  surface  of  the  water.  Conse- 
quently the  result  is  a high  mortality,  chietly  due  to 
suffocation.  It  becomes  necessary,  therefore,  to  employ 
some  means  to  break  up  these  masses.  This  is  usually 
done  b}  slowly  raising  a weighted  rod  placed  along  the 
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rows  of  boxes  Avbicb  allows  the  free  ends  of  the  boxes  to 
float  up.  The  rod  is  then  suddenly  released,  and  the 
boxes  depressed  rapidly  into  the  water,  which  is  forced 
np  in  powerful  currents  through  the  perforated  bottom  of 
the  boxes.  This  separates  the  eggs  in  all  directions,  but 
without  injury  to  the  developing  embryos. 

The  mechanism  employed  in  other  establishments 
which  use  the  same  kind  of  hatching  apparatus  is  driven 
by  a water  wheel.  This  wheel  turns  a cam  which  has  a 
lever  resting  on  its  rim.  One  end  of  the  lever  is  weighted 
to  give  the  necessary  pull  to  the  wires  that  suspend  the 
rods.  The  other  end  has  the  main  wires  attached,  and 
from  these  branches  are  led  over  pulleys  to  the  various 
wei2’hted  rods.  As  the  cam  revolves  the  lever  is  alter- 
nately  raised  and  depressed  so  pulling  up  and  then 
releasing  the  wires. 

The  arrangement  of  the  hatching  apparatus  at  Piel  does 
not  readily  lend  itself  to  the  adoption  of  this  method. 
Some  other  system  had,  therefore,  to  be  planned,  and 
after  various  experiments,  the  apparatus  now  adopted  by 
us  was  devised.  This  apparatus  has  given  complete  satis- 
faction during  the  last  season,  and  as  it  is  less  compli- 
cated than  the  older  systems,  a description  and  illustra- 
tion may  be  useful  to  others,  and  will  now'  be  given. 

The  apparatus  may  be  briefly  described  as  a direct- 
acting  balance  of  the  beam  and  scale  pattern.  It  consists 
in  the  main  of  a balanced  beam  (see  Plate  A,  3).  One 
end  of  the  beam  is  attached  to  the  middle  of  a light 
framework,  which  carries  the  wires  connected  to  the 
weighted  rods  (5).  The  other  end  bears  a frame  contain- 
ing a “ tumbling  ” box  (4)  of  a similar  design  to  those 
j used  in  automatically  measuring  rainfall,  washing  photo- 
graphic prints,  flushing  drains,  &c.  The  box  is  so  con- 
. structed  that  w^hen  empty  it  remains  in  a horizontal 
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position,  but  as  it  fills  with  watei'  the  centre  of  gTavuty 
g]a(liiall\  altei's  until  the  box  turns  over  and  discharges 
the  contents,  immediately  returning  to  the  horizontal 
position  again.  Idie  weight  of  the  box  and  its  frame 
should  just  be  suificient  to  raise  the  arm  carrying  the 
flame  with  the  wires,  but  without  the  weighted  rods.  The 
4uantity  of  water  re(}uired  to  lift  the  rods  and  weights 
IS  found  by  weighing  one  rod  with  its  weight,  and  then 
multiplying  that  by  the  number  of  weighted  rods 
employed.  The  box  should  be  made  to  contain  rather 
more  than  the  exact  quantity  of  water  required.  In  the 
I^iel  Hatchery  the  waste  watei-  from  the  ap})aratus  and 
other  tanks  is  used  for  filling  the  box.  When  the  box  is 
empty  the  rods  are  down  and  all  the  hatching  boxes  are 
depressed.  The  box  (4)  gradiially  sinks  to  the  floor  as 
the  water  pours  in,  pulling  up  the  weighted  rods  (5).  By 
the  time  the  rods  are  raised  high  enough  (6  inches)  the 
box  has  lost  its  stability,  and  it  falls  over,  discharging  its 
contents  at  once.  The  rods  at  the  same  instant  return 
rapidly  to  rest,  depressing  the  hatching  boxes.  The  rate 
of  movement  is  easily  controlled  by  regulating  the  flow 
of  water,  and  also  by  retarding  or  hastening  the  period 
of  instability  of  the  tumbling  liox.  This  latter  can  be 
done  by  adding  weights  to  the  side  of  the  box  at  B,  or  by 
placing  pieces  of  wood  on  the  frame  under  the  box  at  D. 

The  apparatus  when  fitted  up  can  be  attached  to  a beam 
in  the  roof  of  the  room,  and  the  whole  should  be  so  placed 
that  the  framework  carrying  the  wires  attached  to  the 
rods  is  vertically  above  the  point  of  attachment. 


Explanation  of  Plate  A.  I 

The  drawing  represents  the  front  view  of  the  apparatus 

1.  Longitudinal  beam  resting  on  the  cross  beams  i 

• . ' i' 

supporting  the  roof,  | 
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2.  Support  for  apparatus. 

3.  Balanced  beam. 

4.  Tumbling  box.  At  c a brass  rod  is  rigidly  fixed 

working  freelv  in  lignum  vitse  bearings  fastened 
to  the  frame.  AB  = 35i  inches,  AC  = 2Ti  inches, 
CD  = 9^  inches,  bd  = 11  inches.  A\  idth==12  inches. 

5.  Wires  to  rods. 

6.  End  view  of  hatching  tanks,  containing  little 

boxes  for  eggs. 

T.  Waste  pipes  leading  into  main  pipe,  taking  water 
to  tumbling  box. 

a End  view  of  top  and  bottom  of  main  suspender. 
h End  view  of  suspenders  of  framework  for  wires  and 
tumbling  box.  The  suspender  to  the  tumbling 
box  works  through  a guide  {g). 
c Side  view  of  tumbling  box  in  its  frame. 


Note  ox  the  Spawning  of  the  Mussel  (Mytilus  edulis), 
By  A.  Scott. 

The  determination  of  the  spawning  period  of  the  mussel 
on  the  Lancashire  coast  has  occupied  our  attention  for 
some  time.  Hitherto  we  have  mainly  examined  the  con- 
dition of  the  reproductive  organs,  both  in  situ  in  the 
living  animal,  and  by  thin  sections  of  prepared  material 
during  periods  of  twelve  months.  Tow-nettings  from  the 
vicinity  of  the  beds  have  also  been  examined  for  the 
larvae.  These  investigations  enabled  us,  approximately, 
to  state  when  the  eggs  were  shed.  It  is  obvious,  however, 
that  all  the  information  regarding  the  actual  spawning, 
the  fertilisation  of  the.  eggs,  and  the  period  that  elapses 
before  the  resulting  embryos  become  free-swimming 
larvae  can  onlv  be  ascertained  by  carefully  observing  the 
living  animal.  It  is  not  possible  to  do  this  under  natural 
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rnmlitions  on  the  beds,  and  ii  beeoines  necessaiy  to  fall 
back  upon  other  methods  which  may  not  give  altogether 
conclusive  results  from  a critically  scientific  point  of  view. 
To  lemove  animals  from  their  natural  surroundings  and 
place  them  in  confinement  in  a limited  area  of  water  is 
undoubtedly  detrimental  to  life  j)rocesses  at  first.  After 
some  time  the  effects  ])roduced  l)y  the  change  may  how- 
ever be  diminished,  and  llie  animals  become  acclimatised 
and  live  probably  very  much  as  they  would  have  done  had 
they  been  left  in  their  original  state.  We  are  thus 
enabled  to  carry  on  ohservations  which  would  be  quite 
impossible  under  natural  conditions. 

Large  samples,  about  i cwt.,  of  mussels  were  collected 
from  the  Roosebeck  outer  scar  and  from  a scar  in  Barrow 
Channel  which  only  ebbs  dry  at  low  water  of  spring  tides. 
These  were  placed  in  the  tanks  in  September,  lcS99,  and 
kept  under  observation  for  twelve  months.  A constant 
current  of  sea  water  was  maintained,  and  from  time  to  ’ 
time,  usually  twice  a week,  small  quantities  of  mud,  known  ^ 
to  contain  diatoms,  &c.,  were  added  to  supply  the  animals 
with  food.  The  animals  were  examined  microscopically 
at  intervals,  and  the  reproductive  organs  compared  with  ; 
samples  taken  direct  from  the  beds.  The  rate  of  develop-  ' 
ment  was  found  to  be  practically  the  same  in  the  mussels 
in  the  tanks  and  in  those  on  the  beds. 

On  May  6th  the  mussels  from  both  beds  commenced  to  ! 
discharge  eggs.  These  were  isolated  and  examined  under  j 
the  microscope.  A^o  development  took  place.  No  ripe  | 
males  were  found  at  this  period,  and  it  may  be  concluded  I' 
that  these  eggs  were  not  fertilised.  The  mussels  con-  ^ 
tinned  to  discharge  eggs  which  underwent  no  change  until  f 
Tune  14th.  On  Tune  16th  the  first  obvious  discharge  of  j 
spermatozoa  occurred.  This  was  from  the  mussels  from  J 
Barrow  Channel,  and  so  abundant  was  the  supply  thatlj 
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the  water  in  the  tanks  was  rendered  quite  turbid,  as  if 
milk  had  been  poured  in.  A drop  examined  under  the 
microscope  was  found  to  be  teeming  with  spermatozoa  in 
active  movement.  Two  days  afterwards  the  Itoosebeck 
mussels  discharged  spermatozoa.  From  that  date  on- 
wards, although  no  further  discharge  of  spermatozoa  was 
observed,  the  eggs  were  always  fertilised.  With  a very 
few  exceptions  the  eggs  were  discharged  during  the  night. 
]\Iany  of  the  mussels  were  actually  observed  in  the  act 
of  shedding  their  eggs. 

The  embryos  flow  from  the  female  in  a slow  distinct 
stream.  When  not  distui^bed  by  currents  they  settle 
down  on  the  mud  close  to  the  parent  as  an  obvious  pink 
mass.  They  remain  in  this  position  undergoing  the  early 
stages  of  development,  which  last  from  eight  to  twelve 
hours.  They  then  rise  to  the  surface  as  free  swimming 
larvse,  and  are  dispersed  by  the  currents.  The  duration 
of  the  free  swimming  stage  was  not  determined,  but  the 
larvae  remained  free  swimmers  for  at  least  four  days. 
The  minute  size  of  the  larvae  (they  are  only  from  to 
of  an  inch  in  diameter)  prevents  accurate  observations 
being  made  for  one  individual.  They  can  only  be  kept 
in  jars  where  no  circulation  is  going  on,  consequently  the 
surroundings  soon  become  unfavourable  to  life.  Attempts 
to  strain  them  through  fine  sieves,  and  so  allow  the  foul 
water  to  escape,  were  not  a success,  as  the  larvae  passed 
through  our  finest  sieves. 

Fertilisation  of  the  eggs  has  generally  been  thought  to 
take  place  in  the  water  after  they  were  discharged  from 
the  parent.  That  has  not  been  our  experience  at  Piel. 
After  the  obvious  discharge  of  sperms  all  the  eggs  sub- 
sequently extruded  were  found  to  be  fertilised,  even 
though  no  further  discharge  of  spermatozoa  could  be 
detected.  In  several  instances  the  eggs  were  isolated  as 
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they  were  leaving  the  parent  and  put  into  water  direct 
from  the  sea  that  had  been  carefully  filtered  through  fine 
filter  paper.  These  eggs  always  developed  into  free 
sv  iniinin^  lai  V00.  Fertilisation  therefore  probably  took 
place  in  the  branchial  chamber  of  the  parent.*  It  was 
also  observed  that  practically  the  whole  of  the  leprocluc- 
tive  elements  were  discharged  at  one  emission  extending 
from  one  to  three  hours.  The  same  mussel  did  not  again 
set  free  any  more  reproductive  elements.  When  such  a 
spent  mussel  was  opened  up  and  examined  the  whole 
reproductive  organ  was  found  to  have  collapsed. 

The  mussels  on  the  beds,  by  the  time  those  in  the  tanks 
had  ceased  to  emit  reproductive  elements  and  had  become 
quite  thin,  also  took  on  the  same  appearance.  From  the 
observations  carried  on  at  Piel  the  conclusion  has  been 
arrived  at  that  the  spawning  period  of  the  mussels  in  the 
northern  part  of  our  district  may  be  set  down  as  having 
lasted  this  year  (1900)  from  the  beginning  of  May  to  the 
middle  of  July. 


Report  on  the  Shrimp  Trawling  Statistics  Collected  [ 
BY  1\Ir.  G.  Eccles  on  the  Mersey  Shrimping 
Ground  during  the  period  1893 — 1899. 

By  Jas.  Johnstone,  B.Sc.,  and  J.  T.  Jenkins,  D.Sc.  j 

In  1893  the  Committee  began  a series  of  observations,  | 
on  the  lines  indicated  in  a scheme  drawn  up  by  Professor  j 

* Professor  M Intosh  some  years  ago  investigated  various  points  in  the  ^ 
reproduction  of  the  mussel.  Amongst  other  things,  he  determined  that 
the  sperms  were  capable  of  living  for  twenty-four  hours  after  being- 
removed  from  the  parent.  This  has  been  confirmed  by  the  work  at  Piel, 
but  the  intervals  between  the  obvious  shedding  of  sperms  and  eggs  in  the 
tanks  were  much  longer  than  twenty-four  hours,  and  during  these  periods 
the  sperms,  even  if  alive,  would  be  carried  away  in  the  waste  water.  | 
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Herdman,*  on  the  occiuTeiice  and  distribution  of  the 
commoner  food  fishes  on  the  principal  inshore  and  offshore 
o-rounds  of  the  Lancashire  District.  From  time  to  time 
^ selections  from  the  results  so  obtained  have  been  published 
! either  in  the  Superintendent’s  Reports  or  in  those  of  this 
Laboratory.  In  the  autumn  of  1899  it  was  thought 
advisable  to  make  a study  of  all  the  data  obtained,  and  as 
a result  all  the  forms  (over  1,000)  containing  the  records 
: of  the  observations  have  now  been  abstracted. 

I These  observations  were  made  by  the  Captain  and  crew 
I of  the  ‘Mohn  Fell”  and  by  the  bailiffs  in  charge  of  the 
sub-districts,  and  are  as  complete  as  the  police  work  and 
other  administrative  duties  of  the  officers  permitted. 

I They  include  experimental  hauls  with  fish-trawl  nets  of 
various  sizes  and  made  under  various  conditions,  hauls 
with  shrimj^  trawls  and  shank  nets,  and  observations  on 
the  sizes,  spawning,  feeding,  &c.,  of  the  common  food 
: fishes.  On  account  of  the  limited  staff  employed,  the 
extent  of  the  district  to  be  worked  over  and  the  pressure 
of  the  police  work,  these  statistics  are  necessarily  very  im- 
perfect. It  would  be  premature  to  publish  many  of  the 
data  obtained,  especially  those  of  the  fish-trawl,  at 
present,  and  we  therefore  confine  ourselves  to  what  seems 
most  complete  and  reliable,  viz.,  the  series  of  experimental 
hauls  with  shrimp-trawl  nets  made  by  Mr.  G.  Eccles,  head 
bailiff  for  the  Southern  District,  on  the  Mersey  Shrimp- 
ing Grounds. 

It  would  not  serve  any  useful  purpose  to  publish  the 
results  of  these  hauls  as  recorded  by  Mr.  Eccles  in  full, 
so  we  have  prepared  an  abstract  of  all  the  data  collected 
and  present  it  in  the  form  of  Tables  I.  to  YI.  Altogether 
. 248  hauls  with  a shrimp  trawl  were  made  during  the 
period  1893-1899.  By  far  the  greatest  number  of  these 

* Lancashire  Sea  Fisheries  Laboratory  Report  for  18U2,  pp.  41-45. 
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were  made  from  the  New  ]3righton  sailing  boat.  A few 
were  made  by  the  “ John  Fell,”  and  are  included  amongst 
the  others.  The  conditions  under  which  the  hauls  were 
made  were  not  strictly  uniform.  As  a very  general  rule 
a shrimp  trawl  of  21  feet  beam  and  feet  length  of  net, 
with  a mesh  measuring  half  an  inch  from  knot  to  knot, 
was  employed.  ^ ery  occasionally  a slightly  longer  beam 
(24  feet)  has  been  used.  The  greater  number  of  the  drags 
made  were  two  miles  in  length  and  one  hour  in  duration, 
and  these  conditions  were  adhered  to  as  closely  as  circum- 
stances permitted.  Occasionally,  however,  the  length  and 
duration  of  the  drags  were  greater,  more  often  less,  than 
the  values  stated,  and  from  this  cause  individual  hauls 
are,  strictly  speaking,  not  comparable  with  each  other. 

In  the  treatment  of  the  data  it  has,  therefore,  been 
thought  advisable  to  make  the  average  hauls  per  month 
the  values  compared,  and  as  the  averages  of  a number  of  . 
hauls  have  generally  been  used  in  whatever  comparisons  : 
we  make,  to  that  extent  the  error  due  to  fishing  under  ■ 
slightly  inconstant  conditions  has,  we  consider,  been  ' 
eliminated. 

The  recorded  results  of  these  hauls  include  (1)  the  total  ! 
numbers  of  edible  hsh  caught,  (2)  the  numbers  of  quarts* 
of  shrimps  taken,  (3)  the  numbers  of  the  various  species 
of  food  fishes  with  (generally)  their  average  sizes,  (4)  state  i 
of  weather,  sea,  wind,  &c.,  (5)  physical  observations.  The  j 
commoner  fishes  taken  are  : — The  sole  {Solni  rubiarU),  | 
the  plaice  {Pleuronectes  platcssa),  the  dab  {Pleiironecfcs  j 
limanda),  the  haddock  {Gadus  cecflefiims),  the  whiting  j 

* We  employ  the  quart  of  shrimps  (the  economic  unit)  as  the  measure 
of  the  catch.  A quart  contains  a variable  number  of  shrimps,  200  to  400, 
the  variation  being  due  to  the  varying  sizes  of  the  animals.  The  market 
value  varies  from  6d.  to  8d.,  that  is  the  price  paid  by  the  consumer  ; the 
fisherman  himself  receives  only  about  3d.  per  quart  on  the  average  if  he  ^ 
sells  his  catch  to  the  fishmongers.  But  a considerable  proportion  of  the  f 
shrimps  caught  (about  one-third)  arc  retailed  by  the  fishermen  themselves.  ^ 
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GacUis  merlangus),  the  cod  {Gaclus  morrhua),  and  the 
[lerring  {Clupea  harengus).  Less  commonly  the  lemon  sole 
Pleuronectes  microcephcdus) , the  brill  {Rhombus  Icevis),  and 
lie  gurnard  {Tvlglu  giu'ncirdiis)  are  taken.  Various  inedible 
ishes  are  frequently  caught,  the  commoner  of  which  are 
Solca  hitea,  Trachinus,  Coitus,  Centronotus,  Ammodiites,  and 
,vith  every  haul  a great  number  of  invertebrates  are  taken. 
Dften  the  crabs  (Portunus)  brought  up  form  half  the  bulk 
i)f  the  catch.  Starfishes  {Asterias)  are  nearly  always 
Ijaught.  In  the  warmer  months  large  medasge  are 
ibundant. 

AVe  quote  a few  individual  hauls  in  detail  as  samples. 

1. — August  28th,  1898.  Aear  Deposit  13uoy  (see  chart 
on  p.  46),  in  5 fathoms  of  water,  bottom  of  sand 
and  mud.  Length  of  drag  = 2 miles,  duration 
— 70  minutes.  Shrimp  trawl  of  21  feet  beam. 

Sole  ...  43,  length  = 4^  inches  mostly,  but  16 

were  over  4oz.  in  weight. 


Plaice  ...1620,  ,, 

Dab  ...  604,  ,, 

Whiting  757,  ,, 

I Cod  ...  88,  ,, 

Gurnard  30,  ,, 

Ray  ...  2,  ,, 

Total  food  hshes  3144. 


6 inches. 

6 „ 

6 „ 

5 „ 

4 „ 

7 ,,  broad  across  pec- 

toral fins. 

Shrimps,  27  quarts. 


n. — September  27tli,  1893,  near  J)eposit  Buoy,  in 
5 fathoms  of  water  ; bottom  of  sand.  Length  of 
drag  = 2 miles,  duration  = 90  minutes.  Slirini]) 
trawl  of  21  feet  beam.  Twenty  boats  were 
fishing  immediately  around. 

Sole  ...  12,  length  = 4J  inches. 


Plaice  ...10407,  ,,  4i  , 


5 


I()S 


J'Ji  A XSAC'I'IOXS  JJ\'Klil'()()J.  1{I()L(H;  K’AIi  Son  K'lA'. 


Dal) 

Wliiting- 

Cod 


dTT),  longtli  4 inches. 
1B9,  ,,  5 

H9,  5 


iotal  food  fishes  11082.  Shrimi^s,  82  quarts. 

The  soles  and  plaice  taken  in  this  haul  are 
described  as  “ deadly,”  dabs,  whiting  and  cod 
as  “ lively.” 

August  80tli,  1899,  near  Deposit  Buoy,  in 
b fathoms  of  wafer ; bottom  of  mud  and  sand. 
Length  of  drag  = 2 miles,  duration  = one  hour. 
21  feet  shrimp  trawl. 

Sole  ...  257,  11  were  over  8 inches  long,  J of  the 

catch  were  over  2 and  under  8 inches, 
the  remainder  were  2 inches  long. 
Plaice...  265,  6 were  over  8 inches  long,  the  re- 
mainder were  2 to  4 inches  in  length. 
896,  2 were  over  8 inches  long,  ^ of  the 
catch  were  about  2 inches,  the  re- 
mainder IJ  inches  long. 

Bay  ...  18,  7 inches  broad. 

Whiting  285,  5 inches. 


Dab 


Total  food  fishes  1721.  Shrimps,  20  quarts. 

. i 

• March  15th,  1895,  in  Crosby  Channel  (see  chart),  | 
in  4 fathoms  of  water.  Bottom  of  sand.  Length  \ 
of  drag=l  mile,  duration  = 80  minutes.  Shrimp  | 
trawl  24  feet  beam.  ^ 

Flounders  ...  2,  length  = 4 inches. 

Cod  ...  10,  „ 7 „ 

Total  food  fishes  12.  No  shrimps  were  caught.  * 
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11.  is  one  of  tlie  largest  hauls  made  on  the  ground. 
IT.  is  one  of  the  smallest.  It  will  be  seen  later,  howevei, 
that  the  hauls  made  on  the  ground  dealt  with  in  I\ . diliei 
considerably  from  those  made  near  the  Deposit  Buoy. 

The  actual  data  considered  here  are  given  on  Tables  I. 
and  II-  Of  the  various  species  of  edible  fish  enumerated 
above  only  4 are  dealt  with — the  sole,  plaice,  dab,  and 
whiting.  ' Consequently  the  totals  under  the  heading 
••  Totarmimbers  of  fish”  are  not  the  sums  of  the  numbers 
representing  the  catches  of  the  four  fishes  mentioned.^ 
Those  sums  are  less  than  the  totals  by  the  numbers  of  fish 
of  various  kinds  which  are  not  tabulated.  For  each  of 
the  years  1894-99  the  tables  give  (1)  the  number  of  hauls 
made  during  each  month,  (2)  the  total  number  of  fish 
caught  in  all  the  hauls  and  the  average  number  of  fish 
caught  per  haul,  (3)  the  total  number  of  quarts  of  shrimps 
caught  in  all  the  hauls  and  the  average  catch  per  haul, 
(4)  the  total  number  of  each  of  the  four  kinds  of  fishes 
caught  in  all  the  hauls  and  the  average  numbers  caught 
per  liaiil. 

Table  I.  deals  with  the  observations  made  on  a portion 
only  of  the  whole  Mersey  shrimping  ground.  Most  of  the 
hauls  have  been  made  within  two  miles  of  the  Deposit 
Buoy,  that  is  on  the  shallow  water  immediately  behind 
Bnrbo  Bank.  A few  were  made  in  a small  portion  of  the 
Bock  Channel  (see  Chart,  p.  171). 

Table  II.  gives  the  hanks  made  in  the  deeper  water  of 
the  Channels— part  of  Bock  Channel,  Horse  Channel, 
Queen’s  and  Crosby  Channels.  The  division  of  the  whole 
ground  into  these  tw^o  sub-divisions  is  not  c^uite  natuial 
since  all  the  Bock  Channel  ought,  strictly  speaking,  to 
have  been  dealt  with  in  Table  II.  But  it  was  found 
convenient  for  various  reasons  to  include  the  eastern 
portion  of  Bock  Channel  in  Table  1. 
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It  will  be  seen  that  there  is  no  complete  series  of 
observations,  including  at  least  one  haul  in  each  month  of 
the  year  in  either  Table  1.  or  II.  On  this  account  and 
also  with  the  object  of  eliminating  as  far  as  possible 
accidental  conditions  and  variations,  all  the  hauls  taken 
during  the  Januaiys  in  each  of  the  years  189d-9D  have 
been  collected,  and  from  these  the  total  fish  and  shrimps 
caught  and  the  averages  per  haul  have  been  calculated. 
The  same  has  been  done  for  the  other  months,  and  the 
results  are  tabulated  in  Tables  III.  and  IV.  III.  deals 
with  the  portion  of  the  ground  considered  in  Table  I.,  and 
IV.  with  the  portion  considered  in  Table  II.  In  Table 
\ I.  all  the  fish  caught  in  the  third  (quarters  ('inly,  August, 
September)  of  each  of  the  3’ears  I89-j-9  are  collected,  the 
numbers  of  hauls  taken  in  each  of  those  quarterly  periods 
are  given,  and  the  average  catches  are  calculated.  In 
Table  V.  an  attempt  is  made  to  compare  the  varying  , 
destruction  of  young  fishes  at  different  times  and  on  the  , 
different  grounds.  ; 

We  give  on  next  page  a map  of  the  Mersey  Shrimping  ' 
Ground  which  has  been  reduced  from  the  Liverpool  Dock  ? 
Board’s  Chart  of  the  area.  It  represents  the  extent  of  the  | 
sandbanks  at  low  water  of  a spring  tide  ten  feet  below  the 
level  of  the  Old  Dock  Sill  Datum  at  Liverpool.  Almost  ■’ 
the  whole  of  the  area  shown  is  regularly  fished  over.  ; 
More  exactly,  a line  drawn  from  the  A.W.  extremity  of  i, 
Last  Hoyle  Bank  to  Aewcome  Knoll  Buoy,  and  from  { 
Aewcome  Knoll  Buoy  to  the  first  red  conical  buoy  in  j 
Oueen’s  Channel,  defines  the  seaward  limit  of  the  Burbo  | 
Bank  area.  Shrimping  is  carried  on  over  almost  all  this 
ground,  the  extent  of  which  is  roughly  16  to  18  square 
miles.  Queen’s  Channel,  Formby  Channel,  Crosby 
Channel,  Horse  Channel,  and  the  western  portion  of  Hock 
Channel  are  also  regularly  fished.  Shrimping  is  also  ) 
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carried  on  in  tlie  gutters  through  the  banks,  and  when 
there  is  sufficient  water  on  the  margins  of  the  banks 
themselves.  A portion  of  this  area,  about  4 square  miles 
in  extent,  lying  between  Xewcome  Knoll  and  Deposit 


]\Iersey  Shrimping  Grounds. 

Buoys  and  to  the  north  of  these,  has  a bottom  of  fine  mud, 
which  to  some  extent  hinders  the  working  of  shank  nets. 
Over  almost  all  the  rest  of  the  area  the  bottom  consists  of 
hne  sand.  Shrimp  fishing,  however,  is  not  confined  to 
this  area.  A considerable  area  to  the  north  of  Queen  s 
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(channel  and  a portion  of  the  Mer.sey  estuary  lyiipQ-  above 
the  Liverpool  Landing  Stage  are  also  fished  on. 

Now  with  regard  to  the  relative  Cjuantities  of  shrimps 
and  immature  fishes  caught  in  tlie  shrimp  trawl,  con- 
siderable dift’erences  exist  on  different  parts  of  the  whole 
area  referred  to  above.  \A"e  have,  therefore,  separated  the 
hauls  taken  on  the  ju^rtion  lying  seaward  from  Burbo 
Bank  and  south  of  (Queen’s  CUiannel  from  tlu'  portion 
including  Kormby,  Crosby  and  Horse  Channels, 

and  the  eastern  part  of  Rock  ('hannel.  For  convenience 
the  former  portion  will  be  referred  to  hereafter  as  Area  A 
and  the  latter  as  Area  B.  The  hauls  taken  on  Area  A 
are  abstracted  in  Table  1.,  those  taken  on  Area  J3  on 
Table  II. 

In  Plate  B we  have  represented  graphically  the  results 
of  Tables  III.  and  lY.  The  method  adopted  has  been 
to  take  each  fish  separately,  and  to  superpose  the  curves  , 
representing  its  distribution  on  the  two  sub-divisions  of  ; 
the  shrimping  ground  referred  to  above.  Curves  I.,  II.,  i 

III. ,  IV.,  and  V.  represent  the  variation  from  month  to  ' 
month  in  the  numbers  of  immature  whiting,  plaice,  dabs,  i 
soles  and  shrimps  taken  per  average  haul.  In  all  these  , 
curves  the  number  plotted  along  the  vertical  axes  repre- 
sent these  average  hauls;  months  are  represented  on  the  | 
horizontal  axes.  The  vertical  scale  of  I.,  II.,  and  III.  is  ! 
the  same  ; the  corresponding  scale  of  lY.  is  one-tenth,  and  I 
V.  one-twentieth  that  of  I.  This  change  of  scale  has  been  | 
necessary  on  account  of  the  small  values  dealt  with  in  | 

IV.  and  V.  In  all  the  curves  the  thick  line  represents  j 
the  average  hauls  on  Area  A,  the  thin  line  the  average 
hauls  on  Area  B.  It  ought  to  be  remembered  that  the 
fishes  dealt  with  in  these  tables  and  curves  are  nearly  all 
immature.  The  hauls  quoted  on  pp.  167-168  represent 
fairly  their  average  sizes. 
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In  the  case  of  the  whiting  (I.),  the  maximum  catch 
(1,180)  has  been  taken  in  August.  This  is  the  case  on 
both  areas,  and  it  is  the  case  also  for  Area  A in  1898, 

I 1894,  1895,  and  1899.  In  1890  the  maximum  catch  was 
taken  in  July,  in  1897  and  1898  in  September.  The  series 
for  individual  years  are  not  so  complete  for  Area  B,  and 
it  is  to  be  noted  that  in  1895  the  catches  increase  during 
the  latter  half  of  the  year  to  a maximum  in  November. 
The  catches  of  whiting  during  the  third  quarter  of  the 
year  were  greater  in  1895  than  in  any  other  year  of  the 
period  under  consideration.  In  both  areas  very  low 
catches  were  made  in  June,  and  after  this  month  the 
curve  rapidly  rises  towards  the  maximum  in  August.  A 
secondary  maximum  (on  both  areas)  occurs  during  April. 
It  is  remarkable  that  the  form  of  the  curve  is  the  same 
for  both  areas,  the  maxima  and  minima  occurring  at  the 
same  time.  The  curve  also  shows  that  throughout  the 
year  greater  catches  were  always  taken  on  Area  A,  and 
that  between  June  and  November  the  catches  there  were 
verv  much  greater  than  on  Area  B. 

In  the  case  of  plaice  (II.)  the  maximum  catch  was 
made  on  Area  A in  September.  This  is  also  true  for  the 
three  years,  1898,  4,  and  5,  having  the  most  complete 
series  of  observations.  The  minimum  occurs  at  the  end 
of  the  year.  It  is  generally  the  case  in  the  individual 
, years  that  the  lowest  catches  were  made  at  the  beginning 
or  end  of  the  year.  As  in  the  case  of  whiting,  a 
secondary  maximum  occurs  during  the  spring. 

The  form  of  the  curves  for  plaice  differs  completely  for 
the  two  areas.  In  B there  are  three  maxima,  January, 

, July  and  November,  and  two  minima.  May  and  August. 

, Generally  it  would  appear  that  plaice  are  more  abundant 
in  the  Channels  during  the  winter  months,  that  during 
the  late  winter  and  spring  their  number  decreases,  and 
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iiicieasos  again  toward  inidsuminei*.  After  midsummer 
they  become  less  abundant,  but  during  the  autumn  and 
early  winter  they  increase  again.  That  is  to  say,  that 
except  for  the  increase  towards  midsummer,  which  is 
characteristic  for  both  grounds,  and  is  largely  due  to  the 
apj)earance  of  fish  of  that  same  year’s  spawning,  their 
distribution  on  the  two  areas  is  to  some  extent  comple- 
inentary.  44ie  general  conclusion  is  confinned  by  the 
study  of  the  figures  for  the  separate  years  (as  tar  as  these 
go).  This  curious  behaviour  of  the  same  fish  on  two 
adjacent  areas  is  perhaps  to  be  explained  by  supposing 
that  migration  from  the  one  area  to  the  other  takes  place 
during  the  spring  and  autumn.  What  the  causes  of  such 
migration  may  be  we  are  not  in  a position  to  say.  The 
migrating  fish  are  largely  those  of  that  same  year’s 
spawning. 

It  might  be  expected  that  the  distribution  of  dabs^ 
Avoiild  follow  closely  that  of  plaice.  It  will  be  seen  that  j 
the  curve  of  distribution  (III.)  on  Area  A is  very  similar;| 
to  that  for  plaice.  The  minimum  for  both  fishes  occurs' 
at  the  beginning  or  end  of  the  year,  but  the  maximumt! 
catch  was  taken  earlier  in  the  year  in  the  case  of  the  dab.| 
In  the  three  years,  1894,  4,  and  5,  for  which  the  data 
are  most  complete,  the  maximum  catches  of  dabs  were 
made  earlier  than  those  of  plaice.  As  in  the  case  ofl 
whiting  the  curve  shows  two  maxima  which  have  the  samej 
positions.  | 

The  distribution  of  dabs  on  Area  B is  not  exactly! 
similar  to  that  of  plaice,  but  seems  to  be  rather  irregular.’ 
It  is,  however,  the  case  that  large  catches  were  made  there 
at  the  beginning  and  end  of  the  year.  The  catches  made 
about  the  middle  of  the  year  are,  however,  somewhat 
irregular. 
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Soles  (IV.)  have  imicli  the  same  distribution  on  Area 
A as  the  other  fishes  dealt  with.  The  maximum  catch 
was  made  in  August.  The  secondary  maximum  occurs  in 
March,  a month  earlier  than  that  of  dabs  and  whiting. 
The  minimum  catch  was  made  at  the  end  of  the  year. 
Three  hauls  were  made  on  this  ground  during  December, 
in  none  of  which  were  soles  caught.  The  distribution  on 
Area  B is  more  irregular,  and  no  general  statement  can 
be  made  with  regard  to  it. 

Shrimps  (Y.)  have  been  caught  at  any  time  during  the 
year  on  both  areas,  except  in  one  exceptional  haul 
(quoted  on  p.  168).  It  is  to  be  noted  that  their  distribution 
differs  somewhat  from  that  of  the  food  fishes  ; the  mini- 
mum catches  were  made  (on  both  areas)  in  February. 
From  then  the  average  catch  rises  with  small  variations 
to  the  maximum  in  October.  During  August,  September 
and  October  the  catches  do  not  vary  much,  rising  very 
slowly.  After  October  they  fall  very  rapidly. 

A study  of  the  curves  representing  the  monthly  varia- 
tion of  shrimps  on  the  two  areas  shows  this  remarkable 
condition : from  December  till  the  following  August 

shrimps  are  always  more  abundant  on  Area  A than  on 
Area  B ; conversely  from  August  to  November  they  are 
more  abundant  on  Area  B than  on  Area  A.  That  is  to 
say,  during  the  four  months,  August  to  November, 
shrimps  are  more  abundant  in  the  channels  than  on  the 
1 banks.  We  think  it  necessary,  however,  to  state  that 
this  may  be  due  to  the  fact  that  most  of  the  fishing  is 
carried  on  during  these  four  months  on  Area  A. 

Since  all  shrimp  fishing,  whether  on  Area  A or  B,  is 
necessarily  attended  by  the  capture  of  a variable  number 
. of  immature  fish,  we  have  thought  it  useful,  in  view  of 
‘ the  practical  importance  of  this  fact,  to  study  the  varia- 
tion in  the  relative  quantities  of  shrimps  and  fish  caught 
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in  the  shrimp  trawl.  If  the  number  of  fish  caught  in 
any  one  haul  be  divided  by  the  numbers  of  (iiiarts  of 
shrimps  taken  at  the  same  time,  a measure  is  obtained  of 
the  amount  of  destruction  of  young  fishes  caused  by 
shi'ini])  trawling.  Taking  the  total  monthly  catches  of 
shi‘ini])s  and  fish  during  the  year,  as  shown  in  Tables  III. 
and  IV.,  as  a basis,  we  have  constructed  Table  V.  That 
table  shows  for  each  month  in  the  year,  and  for  both 
areas,  how  many  soles,  plaice  and  whiting  were  caught 
for  every  quart  of  shrimps.  And  if  it  be  possible  to 
determine  by  any  means  the  total  number  of  quarts  of 
shrimps  landed  from  the  Mersey  Shrimping  Grrounds  in 
each  month  during  the  year,  the  numbers  on  this  table 
will  serve  as  factors  which  will  enable  the  amount  of 
destruction  of  immature  food  fishes  to  be  calculated. 

The  numbers  of  plaice  caught  per  quart  of  shrimps  on 
Area  B during  February  and  March  seem  excessive.  This 
is  due  first  to  the  relatively  large  numbers  of  plaice  found 
on  that  ground  duidng  the  early  months  of  the  year ; 
second,  to  the  very  small  catches  of  shrimps  made  there , 


during-  those  months. 

The  tables  show  that  the  numbers  of  soles,  plaice  andj 
whiting  caught  per  quart  of  shrimps  on  Area  A is  always' 
much  greater  during  the  third  quarter  of  the  year  than  ; 
on  Area  B during  the  same  period.  More  exactly,  more  • 
whiting  are  caught  on  Area  A from  June  to  December,^ 
and  more  plaice  and  soles  from, August  to  October,  thani 
on  Area  B during  those  same  months.  More  whiting 
were  caught  on  Area  B than  on  A during  February,  and| 
more  soles  during  March,  May,  June,  July,  November 
and  December. 

We  have  used  the  term  destruction  as  synonymous  with 
capture  of  young  fish,  but  perhaps  we  are  not  strictly 
justified  in  doing  so.  All  the  fish  brought  up  in  a shrimp 
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trawl  do  not  necessarily  die.  It  will  be  seen  by  reference 
to  the  hauls  quoted  on  pp.  42-3  that  a few  large  fish  are 
generally  taken.  These  are  ahvays  alive  when  brought 
, up  from  a drag  of  moderate  duration,  and  if  immediately 
I thrown  back  into  the  sea  will  most  probably  survive.  We 
refer  to  plaice,  soles  and  dabs  over  8 inches  in  length. 
Flat  fish  from  3 to  8 inches  are  not  so  hardy,  but  many  of 
these  are  alive  when  the  “ net  is  fished,”  and  probably 
recover  when  put  back  into  the  sea.  The  vitality  experi- 
ments made  by  Mr.  llawson*  and  others  in  our  district 
have  shown  that  (juite  a large  proportion  of  such  fish 
recover  when  taken  from  the  contents  of  the  net  and 
immediately  put  into  a tub  containing  running  sea  water. 
But  the  fiat  fish  under  3 inches  long  are  in  a worse  case, 
and  the  greater  number  of  these  are  probably  really 
destroyed.  They  are  small,  and  in  the  process  of  “ sorting 
the  catch,”  all  the  larger  animals  (large  fish,  crabs,  star- 
fish) are  thrown  overboard  first,  so  that  small  flat  fishes 
have  to  lie  on  the  deck  for  a longer  period  than  the  others. 
Small  round  fish,  whiting,  haddock  and  cod  of  less  than 
5 inches  long  are  almost  always  dead  when  the  contents  of 
the  net  are  emptied  on  the  deck.  The  larger  round  fishes 
may  be  alive,  but  they  seem  to  be  less  hardy  than  the  fiat 
fishes. 

Of  course  the  mortality  among  the  fishes  caught  in  the 
shrimp  trawl  must  depend  to  a very  great  extent  on  the 
care  of  the  fishermen  in  sorting  the  catch,  on  the  facility 
with  which  the  net  can  be  hauled,  on  the  duration  of  the 
idrag,  and  on  the  temperature  ; in  warm  weather  the  water 
adhering  to  the  gills  is  more  easily  evaporated  and 
^contains  less  dissolved  air.  It  is  to  the  interest  of 
the  fishermen  to  sort  the  catch  quickly,  and  get  the 

, -Lancashire  Rea  Fisheries  Laboratory  Reports  for  1893,  (p.  23)  and 
1894,  (p.  30). 
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slirimps  put  aside,  and  we  believe  that  they  really  wish  to 
preserve  the  life  of  as  many  of  the  immature  fish  caught 
(which  are  not  marketable,  and  are  of  no  use  to  them)  as 
possible.  And  we' have  seen  that  the  contents  of  the  net 
can  be  very  rapidly  sorted  out.  But  in  a large  catch  the 
process  is  somewhat  tedious,  and  as  the  deck  space  in  a 
shrimping  boat  is  very  limited,  part  of  the  catch  may  be 
put  into  fish  baskets  unsorted,  while  the  remainder  is 
beiiiff  dealt  with.  In  these  circumstances  the  immature 

O 

fish  in  the  reserved  portion  have  little  chance  of  life. 

It  is  clear  that  with  long  drags,  with  large  catches,  and 
in  warm  weather  the  mortality  among  the  immature  fish 
taken  in  the  trawl  is  much  greater.  Considering  all 
things,  there  is  not  much  doubt  that  of  the  immature  fish 
taken  in  the  course  of  shrimp  trawling,  as  at  present 
carried  on,  a large  proportion  must  necessarily  be 
destroyed. 

We  have  made  an  attempt  to  determine  the  distribu- 
tion from  year  to  year  of  the  four  fishes  considered  above.’ 
The  average  hauls  for  each  fish  for  the  third  quarters  of 
each  of  the  years  1893-9  have  been  calculated,  and  these | 
are  the  values  compared.  The  third  quarters  (July|i 
August,  September)  are  selected  since  those  are  the| 
periods  during  which  the  greater  number  of  hauls  were 
made,  and  because  they  contain  the  maximum  catches  foj 
all  the  years  and  fishes  considered.  The  values  dead 
with,  therefore,  are  those  representing  most  probably  thi 
condition  of  the  fishery  in  each  year.  The  results  ar| 
tabulated  in  Table  YI.,  and  they  are  represented  graphi; 
cally  in  the  corresponding  set  of  curves  (YI.)  on  Plate  C. 

During  this  period  the  average  catches  of  plaice  hav( 
decreased  from  the  maximum  catch  (2,045)  in  1893  to  thi 
minimum  (176)  in  1899.  The  decrease  from  1893  t( 
1894  was  very  great.  From  1895  to  1897  the  catches  weri 
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nearly  constant,  dropping  again  in  1898.  Tlie  maximum 
catch  of  dabs  was  made  in  1894 ; from  1894  to  1897  the 
catches  of  dabs  steadily  declined,  recovering  again  in 
1898.  The  maximum  catch  of  whiting  was  made  in  1895, 
and  the  catches  then  decreased  till  1897,  when  they  again 
began  to  increase.  It  is  singular  that  the  maximum 
catches  of  these  three  fishes,  plaice,  dabs,  and  whiting, 
are  observed  in  three  consecutive  years. 

The  catches  of  soles,  on  the  contrary,  show  a nearly 
regular  increase  during  those  seven  years.  The  minimum 
catch  was  made  in  1894,  the  maximum  in  1898.  The 
decrease  from  1898  to  1899  is  very  slight.  4Ve  have 
evidence  that  a similar,  though  greater,  increase  in  soles 
has  taken  place  on  the  Blackpool  closed  ground. 

Xo  deduction  as  to  the  effect  of  fishing  on  the  distribu- 
tion of  these  fishes  during  the  period  considered  can,  of 
course,  be  made.  The  period  is  too  short  and  the  varia- 
tions observed  are  too  great.  There  can  be  little  doubt 
but  that  the  fiuctuations  are  due  in  the  main  to  the 
operation  of  natural  causes. 

4Ve  must  insist  on  the  inadequacy  of  these  statistics  to 
a thorough  understanding  of  the  causes  influencing  the 
distribution,  on  different  areas  and  at  different  times,  of 
the  fish  population  of  the  Mersey  shrimping  grounds. 
So  far  as  they  go  they  are  valuable,  and  they  do  give  some 
nformation  regarding  the  seasonal  variation  and  the 
’elation  to  each  other  of  the  various  forms  considered. 
But  they  suggest  many  more  problems  than  they  aid  us 
n answering.  The  increase  in  the  catches  of  soles  on  the 
Blackpool  and  Mersey  grounds  is  an  instance.  This 
lappening  on  two  grounds,  one  preserved  against,  the 
ither  open  to,  shrimp  trawling,  is  remarkable.  A satis- 
actory  answer  might  have  been  given  by  a much  more 
^•omplete  series  of  observations  than  we  possess,  which 
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might  have  enabled  us,  from  a consideration  of  I Ik 
relative  increments  in  the  catches  from  year  to  year,  t( 
have  connected  the  increase  on  the  Blackpool  ground  witl 
its  closure  against  the  destruction  of  immature  soles  b} 
shrimp  trawling.  But  comparatively  few  hauls  have  beer 
made  on  the  Blackpool  ground,  and  the  opportunity  ha.‘ 
been  lost. 

No  regular  observations  regarding  the  distribution  oi 
the  plankton  or  of  the  bottom  invertebrate  fauna  of  tht 
Mersey  ground  have  been  made,  and  w^e  have  therefore  nc 
material  for  a possible  explanation  of  the  fluctuation  ir 
the  fish  fauna  outlined  above.  It  is  particularly  un- 
fortunate that  regular  and  exact  physical  determinations 
of  temperature,  specific  gravit}",  salinity,  dkc.,  were  noi 
made  during  the  last  eight  years.  These  must  bt 
essential  portions  of  any  future  investigation  of  this  area.^ 
The  nature  of  the  sea  bottom  is  very  peculiar,  and  a coni’ 
plete  investigation  of  this  is  to  be  desired.  ; 

We  believe  that  observations  on  this  ground,  with  £ 
view  to  the  regulation  of  the  fishing,  will  be  unsatis- 
factory unless  accompanied  by  enquiries  into  the  relationj' 
of  its  fish  population  with  the  spawning  fish  on  the  offti 
shore  grounds  on  the  one  hand,  and  wuth  the  largei 
immature  fish  population  of  the  offshore  grounds  on  the 
other.  Such  investigation  and  enquiries  into  the  stabilitj' 
of  the  immature  fish  population  of  the  shrimping  groumj 
are  A^ery  relevant. 

i 

! 


* See  scheme  given  in  this  Keport,  p.  149. 
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Report  oy  the  Deposits  from  the  Liverpool 
‘‘Hoppers”  in  Relation  to  Shrimps  and  Young  Fish. 

By  W.  A.  Herdman. 

EaiH  in  the  year  the  General  Purposes  Committee 
asked  for  a report  on  the  effect  produced  upon  the  move- 
ments of  shrimps  and  young  fishes  hy  the  materials  carried 
out  to  sea  from  Liverpool  in  the  hopiier  barges  and 
deposited  near  the  Burbo  Bank.  It  had,  I believe,  been 
suggested  (1)  that  the  shrimps  were  attracted  to  this 
particular  ground — where  young  fishes  are  also  found  in 
great  abundance — to  feed  upon  the  refuse  in  the  deposits  ; 
,and  (2)  that  if  the  attmctive  material  were  deposited  on 
some  other  neighbouring  ground  not  fre(|uented  by  small 
fish  the  shrimps  would  follow,  thus  leading  to  such  a 
separation  of  shrimps  from  young  fish  on  the  bottom  as 
would  admit  of  shrimping  being  carried  on  freely  without 
causing  any  destruction  of  young  fish.  It  would  certainly 
be  very  convenient  if  it  were  so,  but  a careful  examination 
of  the  facts  shows  that  there  is  no  real  foundation  for  the 
ingenious  suggestion. 

Mr.  Dawson,  after  discussing  the  matter  with  me, 
caused  the  necessary  samples  and  specimens  to  be 
jbtained  from  chosen  localities  in  the  area  in  question. 
Hid  these  were  sent  to  the  laboratory  where  Mr.  Johnstone 
imd  I carefully  examined  them,  and  drew  up  the  follow- 
iig  report  for  the  Committee:- 

“ Report  by  Dr.  Herdman  on  Deposits,  Shrimps, 

' and  Young  Fish. 

I “ A number  of  samples  have  been  obtained  during  the 
last  two  weeks  b}^  Mr.  G.  Eccles,  and  were  brought  by  him 
0 the  Laboratory  for  examination. 
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These  represent : — ■ 

1^.  Samples  of  the  sea  bottom  at  and  about  the 
“ Deposit  buoy.”  (See  map  on  ]>age  171). 

2°.  Samples  of  the  sea  bottom  near  the  Kock  Channel 
(No.  7 buoy). 

3°.  Samples  of  the  deposit  found  in  gutters  on  the 
edge  of  the  Burbo  Bank  at  low  tide. 

4°.  Material  taken  from  a “Hopper”  in  the  Man- 
chester vShip  Canal. 

5°.  Samples  of  shrimps  caught  near  the  Deposit  buoy. 

b°.  Samples  of  young  flat  fish  caught  near  the 
Deposit  buoy. 

“ These  have  all  been  carefully  examined  in  the  Sea- 
Fisheries  Laboratory,  and  microscope  preparations  of  the 
various  substances  have  been  made  and  compared. 


The  examination  has  shown  : — 

1*^.  That  there  is  comparatively  little  fine  mud  or . 
dirty  material  at  the  Deposit  buoy.  The 
bottom  appears  to  consist  largely  of  coarse: 
crystalline  sand. 

At  No.  7 buoy  the  deposit  is  dirtier,  and  has’ 
more  mud  and  amorphous  decomposing' 
material. 

In  the  gutters  at  low  tide  the  deposit  is  also 
dirtier  than  at  the  Deposit  buoy,  and  more^ 
like  the  refuse  from  the  Hoppers.  | 


2°. 


4°.  The  material  from  the  Hopper  was  very  darkj 


coloured,  and  had  much  more  yellow  and  blackj 
amorphous  decomposing  stuff  than  is  found  on 
the  sea  bottom  at  or  near  the  Deposit  buoy. 

5°.  The  shrimps  caught  about  the  Deposit  buoy  con- 
tained in  the  stomachs — sand,  vegetable  tissue, 
animal  debris,  legs,  &c.,  of  small  Crustaceans, 
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Foraminifera,  Annelid  setae,  along  with  a 
certain  amount  of  sand. 

6°.  The  stomachs  and  intestines  of  the  young  fish 
(mainly  dabs)  brought  to  the  Laboratory  from 
near  the  Deposit  buoy  were  full  of  sand,  with 
fragments  of  shells  and  remains  of  animals. 

“ CoxcLUSioxs. — So  far  as  these  samples  show,  there  is 
no  reason  to  think  that  either  the  shrimps  or  the  young 
fish  feed  upon  the  stutf  deposited  by  the  Hoppers.  They 
did  not  show  any  traces  of  it  in  their  stomachs,  nor  are 
they  specially  abundant  where  the  bottom  shows  the 
greatest  amount  of  dirt  and  decomposable  material.” 

“ University  College,  ” W.  A.  Herdman.” 

‘‘  March  15th,  WOOr 

Mr.  Dawson  and  I therefore  agree  that  it  is  a mistake 
to  suppose  (1)  that  the  Liverpool  refuse  is  especially 
abundant  at  the  bottom  in  the  neighbourhood  of  the  so- 
called  ‘"deposit”  buoy,  which  is  on  the  Burbo  Bank 
Shrimping  Ground,  and  (2)  that  shrimps  feed  specially 
upon  such  refuse.  Consequently  the  idea  that  the  shrimps 
are  attracted  to  the  ground  they  frequent  by  the  Liverpool 
deposits  may  be  relinquished,  and  it  is  very  improbable 
that  changing  the  place  of  deposition  would  have  any 
favourable  effect  upon  the  present  distribution  of  shrimps 
and  young  fish. 

As  a matter  of  fact,  as  Mr.  Dawson  has  pointed  out  in 
one  of  his  quarterly  reports,  the  steam  hopper  barges  con- 
veying the  refuse  generally  go  much  further  out  to  sea 
than  the  area  in  question  before  discharging ; and,  with 
the  exception  of  sand,  no  material  of  any  kind  has 
apparently  been  deposited  in  the  neighbourhood  of  the 
deposit  buoy  and  from  there  to  the  Burbo  Bank  for  some 
time. 
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It  is  probable  iliat  the  conditions  in  tliese  shallow 
^ sandy  channels  which  suit  the  shrimjjs  are  also  the  most 
suitable  conditions  for  young  fish — especially  Hat  fish — 
in  certain  stages  of  growth,  and  consequently  it  is  futile 
to  hope  that  any  artificial  operations  will  lead  to  the 
separation  of  the  two  kinds  of  animals. 


i\()Ti-:  ().\  A Si’oRo/ooN  Parasite  of  the  Plaice. 

( PlE  i:  HONECTES  PLATESSA)  . 

Jiy  James  Johnstone. 

(With  Plate  ]).) 

Two  specimens  of  plaice  have  come  to  the  Fisheries 
Laboratory  during  the  year  which  showed  a peculiar 
modification  of  the  intestinal  wall.  One  s])ecinien  was 
sent  by  Mr.  O.  J^iccles,  Chief  Fishery  Officer  at  New 
Brighton.  It  was  caught  near  the  Mersey  Bar  at  the 
beginning  of  October.  The  other  was  sent  to  me  by  Mr. 
A.  Scott.  It  had  been  caught  by  Mr.  Wright,  Fishery  , 
Officer,  in  Barrow  Channel,  on  October  1st,  1900. 

The  first  specimen  Avas  a female  about  8 inches  long.  ’ 
It  had  been  opened,  and  the  head  cut  partly  off.  Mr.  i 
Eccles  AA-as  struck  by  the  granular  appearance  of  the  \ 
viscera,  suggesting  the  presence  of  a large  quantity  of 
spawn.  As  liOAveA^er  the  fish  Avas  much  too  small  to  con- 
tain ripe  OA^aries,  he  thought  it  Avorth  sending  to  the  ; 
Laboratory.  It  Avas  fresh  AAdien  it  came  to  hand,  and  the  { 
fish  looked  in  good  enough  condition.  The  ovaries  Avere  | 
about  one  inch  in  length  but  perfectly  normal  for  a fish  | 
of  this  size.  The  intestine,  liver,  kidney,  &c.,  had  their  j 
usual  relations.  * . 

But  the  greater  portion  of  the  intestine,  from  the 
pylorus  to  about  1^  inches  from  the  anus  was  thickened, 
and  had  the  appearance  of  a ripe  OA^ary.  That  is,  the 
surface  AA^as  studded  Avitii  little  round  Avhite  opaque  bodies  | 

i 
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lying  close  together,  and  shining  through  the  peritoneum. 
The  fresh  intestine  was  precisely  similar  to  that  of  the 
second  specimen,  which  is  represented  in  Plate  D,  fig.  1. 
On  cutting  open  a portion  of  the  gut  it  was  seen  to  have  a 
much  reduced  lumen.  The  wall  was  o or  4 mm.  thick. 
Its  internal  surface  Avas  thrown  into  close  set  and  deep 
longitudinal  folds  pursuing  a zigzag  course.  All  the 
surface  of  these  showed  the  same  round  white  bodies  pro- 
jecting from  their  surfaces. 

The  stomach  Avas  normal  in  form  and  relations  except 
that  its  Avails  seemed  thinner  than  usual.  Ao  food  con- 
tents Avere  present.  In  the  modified  portion  of  the  intes- 
tine there  AA^ere  traces  of  decomposed  food  matter.  A feAv 
fragments  of  Laniellibranch  shells  Avere  found,  and  were 
identified  as  young  Donax  vittatus. 

The  second  specimen,  sent  by  Mr.  Scott,  was  the 
intestine  of  a female  plaice  11  inches  long.  It  had  been 
preserved  in  corrosiA'e-acetic  fixatAe  before  reaching  here. 
From  Mr.  Scott’s  description  the  fish  seems  to  haA^e  been 
quite  normal  in  other  respects.  The  OA^aries  were  of 
normal  size  and  relationships. 

Almost  the  entire  post-pyloric  portion  of  the  intestine 
in  this  specimen  Avas  modified  in  precisely  the  same  way 
as  in  the  other  case  described  above.  Fig.  1 represents  a 
portion  of  the  intestine  of  this  fish.  The  maximum 
diameter  Avas  about  1 inch.  This  thickest  portion  lay 
immediately  behind  the  stomach.  The  pyloric  caeca  could 
be  recognised,  but  were  greatly  flattened  out.  Near  the 
anus  the  inclusions  in  the  Avail  became  fewer,  and  a small- 
portion  AA'as  free  from  them.  No  traces  of  food  matter 
could  be  recognised  in  the  lumen. 

Pieces  of  both  intestines  were  hardened  in  alcohol, 
embedded  in  paraffin,  and  sections  Avere  made.  Fig.  2 
represents  a small  portion  of  the  wall  of  the  first  specimen 
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cut  in  transverse  section.  No  mucous  membrane  is 
recognisable,  and  the  whole  wall  is  tilled  up  with  roundish 
bodies,  each  of  whicli  appears  on  examination  with  a 
moderately  low  ])ower  to  be  filled  u])  with  a homogeneous 
material.  These  bodies  are  closely  packed  together,  and 
between  them  lie  a few  connective  tissue  fibres.  Some 
masses  of  disintegrated  tissue  lay  between  the  folds  which 
may  possibly  have  represented  the  disintegrated  mucosa. 
Fig.  d represents  a small  poi  tion  of  the  same  section  under 
a much  higher  magnification.  Outside  of  all  may  be  seen 
a layer  of  peritoneum  {Per.)  and  internal  to  this  is  a thin 
longitudinal  layer  of  plain  muscle  fibre  (ML).  AVithin 
this  layer  of  longitudinal  muscle  fibres  is  a layer  of 
circular  fibres  (d/.c.),  also  unstriated  and  about  three 
times  the  thickness  of  the  former  layer.  AVithin  this, 
again  is  a layer  of  loose  areolar  tissue  (N.  muc.)  from  which 
fibres  pass  through  the  thickness  of  the  wall  of  the 
intestine  between  the  spherical  bodies.  ^ 

The  arrangement  of  the  muscle  layer  is  therefore  ; 
normal,  and  the  foreign  structures  lie  in  the  sub-mucosa.  ! 
Of  the  mucosa  itself  there  is  no  definite  trace.  A delicate  ,j 
sheet  of  connective  tissue  covers  the  free  surface  of  the 
folds.  This  is  easily  torn,  and  the  little  spherical  bodies 
can  be  readily  dissociated,  il^hey  are  perfectly  spherical 
in  the  fresh  state,  and  have  an  average  diameter  of  about  ; 
0‘6  mm.  The  structure  of  a portion  of  one  of  these  cysts  { 
is  shown  in  Fig.  d.  There  is  a capsule  (C.c.),  consisting  | 
of  an  outer  cuticular  layer  and  an  inner  irregular  layer,  | 
which  is  fibrous  in  appearance,  and  apparently  contains  no  j 
nuclei.  AA^ithin  this  capsule  the  cyst  is  filled  up  by  a , 
vast  number  of  minute  spore-like  bodies.  These  are  ova] 
in  shape.  They  have  a maximum  diameter  of  about  5 f^. 
They  do  not  stain,  and  present  no  obvious  internal 
structure. 


J 


S E A - F I S H E R I E S L A B O R A T O R A* . 


187 


It  is  obvious  from  the  above  description  that  we  have 
to  deal  here  with  a Protozooii  parasite,  most  probably  a 
Sporozoon  form.  Possibly  it  is  one  of  the  Gregarinida, 
but  at  present  I am  unable  to  determine  the  genus. 

Explanation  of  Plate  D. 

Fig.  1. — A small  portion  of  the  gut  of  the  second 
specimen.  Aatural  size. 

Fig.  2. — Part  of  a transverse  section  of  the  wall  of 
the  gut  of  the  first  specimen. 
X 15  diameters.  / internal,  E external, 
surface. 

Fig.  3. — Part  of  the  same  transverse  section;  x 350 
diameters.  Per.  peritoneum  ; Ml,  longi- 
tudinal muscle  layer  ; Me,  circular  muscle 
layer;  S.muc,  sub-mucosa;  Cc,  capsule  of 
a cyst;  Sp,  spore  contents  of  the  cyst. 

Fig.  4. — Several  spores  from  the  first  specimen 
X 2,500  diameters. 
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On  the  Fish  Parasites,  Lereorutheirus  and  Lern.t:a. 

By  Andrew  Scxiit, 

Hosidont  Fisheries  Assistant  at  the  Picl  Hatehery. 

(With  fivR  Plates.) 

Introduction. 

There  are  comparatively  few  tishes  that  do  not,  at  some 
period  of  their  life  history,  prove  on  careful  examination 
to  be  the  host  of  at  least  one  kind  of  parasite,  either  crus- 
tacean or  worm.  The  worm  parasites  are  usually  found 
infesting  the  alimentary  canal  (Aematodes  and  Cestodes), 
the  gills  and  skin  (Trematodes  and  Bdellodes),  while 
Crustacean  (Copepod)  parasites  are  almost  entirely  con- 
fined to  places  in  direct  communication  with  the  exterior, 
such  as  the  skin  itself,  the  fins,  the  mouth,  the  branchial 
chamber,  attached  to  the  gills  and  operculum,  in  the 
nostrils,  and  in  the  mucous  canals.  They  may  even  be  , 
found  attached  to  the  eye,  as  Lernceenicus  sprattoe,  in  the  . 
sprat  (C'lupea  sjrratfus)  ; and  Leritawpoda  elongata  in  the  i 
Greenland  Shark*  {^Acauthorhiiius  car  chav  las),  causing  in  ’ 
the  latter  at  any  rate  partial  blindness  ; or  burrowing  into  i 
the  abdominal  cavity,  as  Penella  c.ivcaifi  in  the  flying  ! 
hslif  (K,rocoetus  colitans),  till  011I3'  the  ends  of  the  ovisacs  ; 
are  visible  from  the  exterior. 

The  Copepod  fish  parasites  have  attracted  much  atten-  ! 
tion  from  Zoologists  for  a very  long  period,  since  the  time  \ 
Avhen  Aristotle,  in  his  “ Historia  Animalium,”  tells  us  \ 
that  the  tunny  and  the  sword  hsh  are  tormented  by  a sort  | 
of  worm  which  fastens  itself  under  the  hn.  Many  of  j 
* Mr.  R.  L.  Ascroft,  of  Lytliam,  who  visited  Iceland  on  a “ steam  liner,” 
fishing  for  halibut,  &c.,  a year  or  two  ago,  says  nearly  all  the  sharks  caught 
on  the  lines  had  these  parasites  in  their  eyes. 

t One  was  exhibited  at  a meeting  of  the  Liverpool  Biol.  Soc.  in  1897, 
infested  by  two  such  parasites,  recorded  as  P.  blcanvilli,  which  in  turn 
were  covered  with  a number  of  small  Cirripedes. — Trans.  L’pool  Biol.  Soc., 
vol.  xi.,  p.  xii. 
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tlie  parasites  now  known  to  be  Copepods  were  not  at 
first  recognised  as  Crustacea,  chiefly  because  of  the  diffi- 
culty of  making  out  the  true  characters  and  the  absence 
of  knowledge  as  to  the  life-histories.  There  was  much 
difference  of  opinion  even  as  to  which  were  really  the 
anterior  and  posterior  extremities  of  these  animals,  due 
to  the  fact  that  the  posteriorly  placed  ovisacs  of  the  then 
known  forms  are  cylindrical  tubes  which  were  by  some 
supposed  to  be  the  antennules,  and  therefore  that  end 
was  called  the  anterior.  Hence  many  of  the  drawings  of 
the  earlier  authors  represent  the  animals  standing  on  their 
heads. 

Baird’s  “ British  Entoniostraca,”  published  by  the 
Bay  Society  in  1850,  marks  an  important  epoch  in  our 
knowledge.  This  author  gives  an  interesting  historical 
account  of  the  group,  brings  together  all  that  was  pre- 
viously known,  and  gives  a very  full  account,  with 
excellent  figures,  of  all  the  British  species  known  at 
that  time,  and  although  some  of  these  are  inaccurate  in 
detail,  or  have  been  added  to  by  more  recent  investiga- 
tions, still  Baird’s  monograph  is  indispensable  to  any  one 
working  at  the  subject.  Since  1850  comparatively  little 
has  been  done  in  this  country  to  increase  our  knowledge 
regarding  the  distribution  or  habits  of  these  crustaceans. 
AVithin  the  past  few  years,  however,  the  study  has  revived 
and  some  important  papers,  mainly  speciographic,  have 
been  published. 

The  latest  classification  of  the  Copepod  fish  parasites 
arranges  them  under  seven  families,  as  follows : — Ergasi- 
LiDiE,  Caligid^.,  Dichelestid^,  Philichthyid^,  Lern^id^, 
CnoNDRACANTHiDiE,  and  Lern^opodid^.  With  the  excep- 
tion of  the  Philichthyid^,  all  these  families  have 
representatives  living  on  fishes  found  in  the  seas  around 
our  coasts. 
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These  parasites  vary  considerably  in  size,  ranging  from 
one-thirtieth  of  an  inch  to  nearly  two  inches  in  length. 
They  also  differ  very  much  m shape.  Some  have  their 
locomotor  organs  well  developed,  and  are  capable  when 
necessary  of  leading  a pelagic  life  for  a period.  Others 
have  lost  all  swimming  power,  and  become  mere  inert 
sacs,  securely  attached  to  their  host  by  anchor  processes, 
embedded  in  the  tissues,  and  when  taken  off'  their  host 
they  soon  die  from  want  of  food  and  oxygen. 

The  sexes  are  separate,  the  males  as  a rule  being  much 
smaller  than  the  females.  In  many  cases  the  males  are 
practically  parasitic  on  the  females,  especially  those  of  the 
Chondracanthidse  and  Lernseopodidse.  The  fact  that  the 
males  are  found  upon  egg-bearing  females  of  the  above 
families  is  due  to  their  power  of  locomotion  having  been 
lost  when  they  reached  maturity.  When  once  they  have 
settled  down  and  matured  they  are  unable  to  change  their 
position  to  any  extent.  Fertilisation  of  the  female  is 
effected  early  in  its  life  history,  before  the  metamorphosis 
is  completed.  One  copulation,  apparently,  is  all  that  is 
necessary  to  fertilise  the  female  for  life.  The  resulting 
embryos  remain  attached  to  the  external  opening  of  the 
oviducts,  either  in  a single  or  multiserial  column,  enclosed 
in  a sac,  until  they  hatch.  The  period  of  incubation 
extends  over  several  weeks.  The  young  parasites  hatch 
out  as  nauplii,  with  three  pairs  of  appendages.  The 
nauplii  undergo  metamorphosis,  which  in  some  forms 
after  a certain  stage  is  reached  is  retrogressive,  finally 
leading  to  the  adult  condition. 

The  Copepod  fish  parasites  are  generally  regarded  as 
being  composed  of  about  sixteen  somites.  Usually,  how^- 
ever,  some  of  these  somites  are  suppressed  or  fused 
together,  forming  one  compound  segment,  the  true 
character  of  which  is  rendered  evident  by  the  appendages 
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attached  to  it,  each  pair  indicating  a somite.  At  one  end 
of  the  series,  these  parasites  approach  very  nearly  in 
structure  and  general  appearance  to  the  non-parasitic 
Copepods.  At  the  other  end  they  are  extremely  different, 
exhibiting  most  remarkable  examples  of  retrograde 
development,  and  without  a complete  study  of  their  life 
history  it  would  be  quite  impossible  to  recognise  them 
even  as  Crustacea. 

In  the  following  pages  an  account  is  given  of  the 
anatomy  and  metamorphosis  of  one  member  from  each  of 
the  two  verv  different  families,  the  Caligidse  and  the 
Lernseidse,  the  forms  chosen  being  Le'peoj^htheirus 
j)ectoralis  and  Lerncea  hranchialis. 

The  Caligidse  is  the  most  extensive  family  of  the  Cope- 
pod  fish  parasites,  and  contains  a larger  number  of  genera 
and  species  than  any  of  the  others.  As  it  stands  at 
present,  there  are  124  species  representing  25  genera. 
Three-fifths  of  the  known  species  of  Caligidse  belong  to 
two  genera,  Caligus  and  LeiJeo2)htheirus.  Some  earlier 
authors  have  not  recognised  the  latter  genus,  and  include 
the  various  species  belonging  to  it  in  Caligus.  There  are, 
however,  very  important  differences  between  the  two 
which  make  their  appearance  early  in  life.  These 
differences  are  constant,  and  give  good  cause  for  establish- 
ing a separate  genus.  Caligus  has  two  semicircular 
suckers  on  the  frontal  margin  of  the  cephalic  shield,  which 
ai‘e  developed  before  the  “ chalimus  stage  is  completed, 
and  the  biting  part  of  the  second  maxillse  has  only  one 
tooth.  In  Lej)eofht}ieiTus  these  suckers  are  entirely  absent 
all  through  life,  and  the  biting  part  of  the  second  maxillae 
has  two  teeth.  The  changes  that  take  place  between  the 

nauplius  ” stage,  when  the  animal  is  hatched  from  the 

* The  stage  at  which  the  animal  first  becomes  attached  to  its  host, 
(see  p.  219). 
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egg,  and  the  adult  condition  are  practically  the  same  in 
the  two  genera,  and  probably  also  in  the  other  members 
of  this  family.  From  investigations  canned  on  during 
the  past  two  years,  it  may  reasonably  be  concluded  that 
he peophtheirufi,  tlirougliout  the  remainder  of  its  life  and 
under  normal  conditions  I'cmains  on  the  same  fish  that  it 
attached  itself  to  at  the  beginning  of  the  ‘‘  chalimus  ” 
stage.  It  is  very  rarely  met  with  in  tow-net  collections. 
On  the  other  hand,  Cali(nii>  does  not  always  remain  on  the 
same  fish.  At  the  completion  of  its  “ chalimus  ” stage  it 
frequently  leaves  its  host,  and  for  a time  leads  a pelagic 
life.  Tow-net  collections  often  contain  immature  males 
and  females,  and  occasionally  mature  males  of  Caligas, 
especially  of  C aligns  rapa.x.  Amongst  these  some  may  be 
found  with  a large  notch  in  the  middle  of  the  frontal 
margin.  This  is  due  to  the  breaking  of  the  chitinous 
filament  by  which  they  were  secured  to  their  host.  The 
metamorphosis  is  a progressive  one. 


I.— LEPEOPHTHEIRUS  (Muller). 

This  species  was  first  described  by  0.  F.  Muller*  under 
the  name  Lerncea  pectoralu. 

Mode  of  Occurrence. 

LepeophtheiTus  pectoralis  is  most  frequently  found  upon 
the  “white  fluke”  or  flounder  {Pleiironectes  flesiis).  It 
also  occurs  on  the  plaice,  dab,  sole,  &c.  It  does  not  con- 
fine itself  to  any  particular  part  of  the  exterior.  Males  and 
immature  forms  of  both  sexes  are  to  be  found  all  over  the 
skin  on  each  side  of  the  fish.  Mature  egg-bearing 
females,  however,  are  usually  found  under  the  pectoral, 
the  pelvic,  the  ventral  and  the  dorsal  fins.  AYith  careful 
* Prodrom.  Zoolog.  Dan.,  1770. 
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examination  it  is  possible  to  collect  a series  of  these 
parasites,  from  the  early  ‘‘  cbalimus  ” stage  to  the  adnlt 
condition,  from  one  fish.  Sometimes  only  a few  speci- 
mens occnr  on  the  fish.  At  other  times  large  numbers 
are  to  be  found.  It  is  by  no  means  rare  to  find  between 
twenty  and  thirty  mature  females  under  each  pectoral 
fin  alone,  as  in  the  case  which  is  illustrated  in  the  cut.  One 
hundred  specimens  of  another  species,  L.  hipj^oglossi,  have 
been  collected  from  the  “ white  ” side  of  a halibut  in  the 
Aberdeen  Fish  Market.  The  average  length  of  a mature 


Lepeophtheirus  pectoralis,  32  specimens,  on  the  pectoral  fin  of  a Flounder, 
from  a photograph. 

egg-bearing  female  is  one-fifth  of  an  inch,  and  of  a male 
one-ninth  of  an  inch.  A mature  female  measures  about 
one-tenth  of  an  inch  at  its  greatest  breadth,  and  a male 
one-twelfth  of  an  inch.  These  parasites  attach  themselves 
to  the  fish  by  means  of  their  powerful  second  maxillipedes, 
assisted  by  the  antennae,  and  a decided  pull  has  to  be 
exerted  before  they  can  be  torn  away.  By  depressing 
the  edges  of  the  carapace  and  applying  them  closely  to 
the  skin,  the  parasite  can  increase  its  holding  power  to 
such  an  extent  that  the  posterior  end  can  be  torn  from,  the 

N 
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anterior  part  without  detaching  it.  The  anterior  part, 
when  thus  separated  from  the  posterior,  retains  its  vital 
powers  for  at  least  twenty-four  hours.  At  first  it  swims 
about  vigorously,  but  after  some  hours  begins  to  get 
sluggish  in  its  movements,  and  then  finally  dies.  The 
posterior  part  does  not  live  long  when  separated  from  the 
anterior.  The  parasites  can  be  kept  alive  in  sea  water  for 
upwards  of  six  weeks  after  removal  from  the  fish. 

External  Characters. 

The  animal  is  depressed  dorso-ventrally,  and  is  of  a 
more  or  less  oval  shape,  and  distinctly  divided  into  four 
parts  (Plate  I.,  fig.  1).  The  foremost  one  of  these  parts, 
and  usually  the  largest,  is  almost  circular  in  outline,  and 
has  all  the  appendages,  with  the  exception  of  the  fourth 
and  fifth  pairs  of  feet,  attached  to  it.  This  part  is  known 
as  the  cephalo-thorax. 

Viewed  from  above,  this  region  is  seen  to  be  slightly  = 
convex  and  divided  into  four  portions  by  imperfect 
sutures.  Two  of  these  sutures  are  longitudinal,  and 
separate  the  lateral  parts  of  the  region  from  the  central.  ’ 
The  remaining  suture  joins  the  centre  of  the  two  longi-  = 
tudinal  sutures  like  the  cross  line  of  the  letter  H,  dividing 
the  centre  of  the  cephalo-thorax  into  an  anterior  and  a 
posterior  portion,  of  which  the  anterior  is  the  greater.  ' 
There  is  also  an  apparent  suture  near  the  frontal  margin.  ] 
The  frontal  margin  is  indented,  the  greatest  depth  being  \ 
in  the  middle  line.  This  indentation  to  some  extent  is  due  ^ 
to  the  scar  caused  by  the  breaking  away  of  the  filament  ' 
for  attachment  in  the  ‘‘  chalimus  ” stage.  In  the  centre 
of  the  hollow,  situated  on  the  ventral  surface,  is  an  oval- 
shaped  opening  [h)  with  a chitinous  fringe.  This  is 
evidently  a sucker,  and  represents  the  remains  of  a median 
sucker  which  is  considerably  developed  during  the  “ chali- 
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mus  ” stage,  when  the  maxillipedes  are  rudinientar}^  Pro- 
bably in  the  adult  it  acts  as  a first  aid  in  securing  the 
animal  to  its  host.  Passing  backwards  from  this  sucker, 
but  distinctly  over  it,  there  is  a transparent  rod  {c,  fig.  1, 
Plate  I.  ; fig.  3,  Plate  III.),  lying  inside  a triangular 
blood  space,  which  terminates  in  a gland  (c  g,  fig.  3,  Plate 
III.).  The  gland  is  probably  the  organ  that  secretes  the 
substance  for  the  filament  in  the  ‘‘  chalimus  ” stage  and 
the  rod  the  remains  of  the  filament.  The  filament  and 
duct  are  in  actual  contact  during  the  early  part  of  the 
parasite’s  life  (Plate  I.,  figs  4 to  6,  c).  The  eyes,  two  in 
number,  are  situated  in  the  middle  of  the  cephalo-thorax. 
The  frontal  and  lateral  margins  are  surrounded  by  a trans- 
parent membrane  with  faint  transverse  lines.  This 
membrane  is  simply  an  extension  of  the  chitinous  exo- 
skeleton which  covers  the  whole  animal.  It  has 
frequently  a serrated  edge  caused  by  tearing. 

The  second  part  of  the  body  is  very  small,  and  repre- 
sents the  fourth  thoracic  segment  of  the  pelagic  Copepoda. 
The  fourth  feet  are  attached  to  the  external  margins  of 
this  segment. 

The  third  part  of  the  body  known  as  the  genital 
segment,”  is  of  variable  shape,  according  to  the  degree 
of  maturity  of  the  reproductive  organs.  In  an  immature 
female  (Plate  II.,  fig.  6),  it  is  usually  very  little  larger 
than  the  fourth  part,  whilst  in  a mature  one  it  is  nearly 
as  large  as  the  cephalo-thorax.  The  genital  segment  of  a 
mature  female  is  somewhat  quadrangular  in  outline, 
slightly  wider  posteriorly  than  in  front.  The  same 
segment  in  a mature  male  (Plate  I.,  fig.  2)  is  oval  in  shape 
and  about  one-third  wider  than  the  fourth  part. 

The  fourth  part  of  the  body  is  short  and  narrow,  being 
only  one-fourth  of  the  width  of  the  female  genital  seg- 
ment, and  corresponds  to  the  abdomen  of  the  pelagic  Cope- 
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poda.  There  is  an  incomplete  articulation  near  tlie 
middle.  At  the  apex  of  the  abdomen  there  are  two  short 
papillae  known  as  the  furca  or  caudal  stylets,  which 
usually  have  four  or  five  plumose  hairs  on  their  posterior 
margins. 

There  are  twelve  pairs  of  appendages*  (Plate  II.,  fig.  1) 
as  follows  : — One  pair  of  antennules,  one  pair  of  antennae, 
one  pair  of  mandibles,  two  pairs  of  maxillae,  tw^o  pairs  of 
maxillipedes,  and  five  pairs  of  feet,  the  first  three  pairs  of 
feet  only  being  adapted  for  swimming. 

The  eyes  appear  as  a reddish  spot  in  the  living  animal, 
and  are  situated  on  the  dorsal  surface  mid-way  between 
the  frontal  margin  and  the  transverse  line  of  the  cephalo- 
thorax.  When  this  spot  is  examined  microscopically 
(Plate  III.,  fig.  13)  it  is  found  to  consist  of  two  lateral 
eyes  closely  approximated,  embedded  in  a mass  of  reddish- 
black  pigment,  and  wdiolly  under  the  carapace.  Each  eye 
has  a simple,  spherical,  crystalline  lens,  beneath  a thin 
cornea.  Behind  the  lens  is  a row  of  retinal  cells  of  fairly 
large  size,  lined  internally  with  a tapetum  or  pigment 
layer.  A chitin  division  lined  with  deep  red  pigment 
separates  the  twm  eyes.  The  earlier  Zoologists  had  con- 
siderable doubt  as  to  the  true  position  of  the  eyes,  some 
even  believed  the  animals  were  blind.  Others 
mistook  the  semi-circular  suckers  on  the  frontal  margin 
of  CaJigus  already  referred  to  for  the  organs  of  vision, 
giving  them  the  name  “ Binoculus.” 

The  antennules  are  placed  at  the  external  margin,  just 
behind  the  suture  on  the  frontal  plate,  and  each  consists 
of  two  joints.  The  basal  joint  is  much  larger  than  the 
apical,  and  is  clothed  on  its  upper  margin  with  plumose 
setae. 

* The  minute  details  of  the  jointing  and  setse  of  the  appendages  are  not 
shown  in  these  figures. 
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The  other  appendages  are  all  on  the  ventral  surface. 
The  first  are  the  antennae.  These  consist  each  of  two 
joints,  a short  stout  basal  one,  and  an  apical  one  in  the 
form  of  a strong  prehensile  claw.  The  antennae  are  used 
to  assist  the  second  inaxillipedes  in  grasping.*  The  apex 
of  the  claw  projects  into  a small  cup  in  front  of  the  first 
maxillae. 

The  mandibles  are  enclosed  in  the  suctorial  mouth 
(Plate  II.,  fig.  8).  They  are  stylet  shaped,  and  composed 
of  four  joints.  The  apical  joint  of  each  mandible  is 
flattened,  curved  inwardly,  and  serrated  on  its  inner 
margin.  There  is  no  mandibular  palp. 

The  appendages  described  here  as  the  first  maxillae  are 
given  that  name  with  some  doubt.  The  pelagic  Copepoda 
have  only  one  pair  of  maxillae,  which  correspond  to  the 
second  pair  in  this  memoir.  The  identification  of  the 
appendages  now  to  be  described  as  maxillae  is  based  upon 
the  fact  that  they  are  innervated  by  a nerve  from  the  sub- 
oesophageal  ganglion  that  has  its  origin  just  anterior  to 
the  nerve  supplying  the  maxillae  proper.  The  first  maxillae 
consist  of  one  joint  which  is  considerably  swollen  at  the 
base,  and  tapers  to  a sharp  point  at  the  apex,  forming  as  a 
whole  a curved  claw.  Two  minute  setae  are  attached  to 
the  basal  part,  and  probably  represent  the  exopodite  or 
palp.  These  appendages  are  situated  near  the  lateral 
margins,  and  slightly  posterior  to  the  base  of  the  antennae. 

The  second  maxillae  are  placed  at  the  sides  of  the 
mouth,  and  consist  of  a single  joint,  robust  at  the  base 
and  dividing  into  two  slightly  curved  teeth  at  the  apex, 
representing  the  exopodite.  There  is  a distinct  endo- 
podite,  with  two  setae  at  its  apex,  attached  to  the  base  of 
the  anterior  surface  of  the  exopodite.  The  second  maxillae 

* Baird  (op.  cit.  p.  263)  describes  these  organs  as  the  first  pair  of 
foot  jaws. 
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appear  to  act  as  a scraping  apparatus  for  removing  the  skin 
of  the  host. 

The  first  maxilliiiedes  consist  of  two-jointed  ajipendages 
placed  mid-way  between  the  apex  of  the  mouth,  when  it 
is  at  rest,  and  the  lateral  margin.  Their  chief  function 
is  apparently  to  keep  the  mouth  free  from  obstruction. 

The  second  maxillipedes  situated  near  the  middle  line, 
mid-way  between  the  first  maxillipedes  and  the  first  pair 
of  feet,  are  composed  of  two  joints.  The  basal  joint  is 
considerably  swollen  and  the  apical  is  in  the  form  of  a 
powerful  claw,  which  closes  upon  the  basal  joint,  forming 
a strong  grasping  apparatus.  According  to  Claus,  and 
others,  the  first  and  second  maxillipedes  are  really  only 
the  exopodite  and  endopodite  of  one  and  the  same 
appendage. 

The  first  thr^e  pairs  of  feet  consist  of  an  endopodite 
and  an  exopodite  attached  to  a two-jointed  protopodite. 
In  the  first  pair  the  endopodite  is  rudimentary,  and  is 
represented  by  a single  minute  joint  bearing  a few  setrn  • 
at  its  apex.  The  exopodite  is  two-jointed.  In  the  second 
pair  both  the  endopodite  and  exopodite  are  three-jointed,  f 
The  third  pair  has  the  protopodite  well  developed,  form- 
ing a lamella.  The  endopodite  and  exopodite  are  very 
small,  the  former  being  composed  of  two  joints  and  the 
latter  of  three  joints.  Each  of  the  first  three  pairs  of  feet  - 
is  attached  to  a median  sternal  plate.  The  exopodite  of  j 
the  first,  and  the  endopodite  and  exopodite  of  the  second  ^ 
and  third  pairs,  are  provided  with  a number  of  plumose  J 
setae  along  the  internal  margins  of  the  joints.  The  dorsal 
and  ventral  margins  of  the  protopodites  of  the  second  and 
third  pairs  of  feet  are  furnished  with  movable  setose 
plates.  The  sterna  of  the  second  and  third  feet  are 
clothed  with  setae  on  the  posterior  margins.  The  fourth 
pair  of  feet  (Plate  I.,  fig.  I)  have  two-jointed  protopodites, 
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and  exopodites  also  two- jointed,  but  no  trace  of  endopo- 
dites.  The  external  angles  of  the  joints  are  furnished 
with  short  spines.  The  fifth  pair  are  rudimentary,  aie 
attached  to  the  posterior  end  of  the  genital  segment,  and 
consist  of  a thin  lamella,  furnished  wTth  three  setse  along 
the  posterior  margin.  Situated  on  the  middle  line 
between  the  second  maxillipedes  is  a strong  chitmous 
plate  with  a bifid  apex  pointing  posteriorly.  This  is 
known  as  the  sternal  fork,  but  its  function  is  unknown.* 
The  external  openings  are  the  mouth,  the  yuIvsb,  the 
openings  of  the  oviducts  and  vasa  deferentia  and  the  anus. 
The  mouth  (Plate  II.,  fig/ 1 and  fig.  8)  is  situated  on  the 
ventral  surface  of  the  cephalo-thorax,  and  is  placed  at  the 
apex  of  a short,  movable,  conical  tube.  This  tube  is  com- 
posed of  the  upper  and  lower  lips  fused  together.  The 
vulvae  (Plate  II.,  fig.  6)  are  situated  on  each  side  of  the 
middle  line  near  the  posterior  end  of  the  genital  segment, 
and  communicate  with  the  “ receptacula  seminis.”  They 
are  difficult  to  see  in  the  adult  female,  but  have  each 
frequently  a spermatophore  attached  which  indicates  the 
position.  The  openings  of  the  oviducts  are  in  the  same 
segment,  but  nearer  the  lateral  margins  and  just  under 
the  fifth  feet.  The  openings  of  the  vasa  deferentia  (Plate 
II.,  fig.  5)  are  situated  on  the  postero-lateral  margins  of 
the  genital  segment  of  the  male.  The  anus  is  situated  in 
the  middle  line  at  the  apex  of  the  abdomen.  In 
addition  to  these  more  important  openings,  there  are  also 
apertures  of  pore-canals  and  glands  on  the  anterior 
surface  of  the  basal  joint  of  the  protopodites  of  the  second 
and  third  pairs  of  feet,  and  also  on  the  dorsal  surface  of 
cephalo-thorax  and  abdomen.  The  opening  in  some  cases 

* Mr.  I.  C.  Thompson  suggests  that  the  sternal  fork  appears  to  him  to 
he  a support  or  crutch,  serving  to  raise  the  body  sufficiently  from  the  host 
to  enable  either  the  swimming  feet  or  the  mouth  organs  to  be  used,  but 
I have  not  seen  it  used  in  this  manner. 
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is  at  tlie  apex  of  a small  jiapilla,  and  eomnumicates  with 
a sac  ill  the  interior  (Plate  11.,  fig.  11). 

^Vlieu  resting,  LepeophfheiruH  lies  upon  the  ventral 
surface,  keeping  the  first  three  j.airs  of  feet  moving  with 
spasmodic  jerks,  inieu  irritated,  as  in  attempts  to  remove 
them  from  their  host,  tlie  males  and  immature  females 
move  very  rapidly  over  the  skin  of  the  fish,  Tlie  mature 
females  make  no  attemiit  to  escape,  only  clinging  more 
securely.  On  transferring  them  to  clean  sea  water  they 
settle  on  the  sides  and  bottom  of  the  vessel,  and  sometimes 
adhere  to  the  surface  film  of  the  water,  remaining  quiescent 
for  long  periods.  AVlien  the  water  is  shaken  slightly  they 
detach  themselves  and  swim  about  rapidly  on  their  backs. 
They  soon  tire,  however,  and  return  to  rest  again.  Lepeo- 
pldheirus  makes  no  attempt  to  leave  the  water  when  kept 
m small  aquaria.  The  allied  form,  Caligus,  on  the  other 
hand,  crawls  out  of  the  water  and  up  the  sides  of  the 
glass,  where  it  remains,  making  no  attempt  to  return,  and 
soon  dies  owing  to  the  evaporation  of  the  water  from 
under  the  carapace.  These  parasites  are  very  tenacious 
of  life,  and  live  for  a considerable  time  after  the  host  has 
died  if  they  are  not  allowed  to  dry  up.  In  some  instances, 
although  the  host  had  been  dead  over  twelve  hours,  and 
the  parasites  to  all  appearance  were  also  dead,  they 
soon  revived  when  placed  in  sea  water.  Increase  of 
temperature  to  10°  C.  and  over  is  fatal  to  them.  They 
can,  however,  stand  very  considerable  decrease  of  tem- 
perature. On  one  or  two  occasions  during  February 
1900,  the  small  aquaria  in  the  tank  room  at  Piel,  some 
of  which  contained  parasites  under  observation,  were 
frozen,  and  the  temperature  of  the  room  itself  stood  at 
1 0.,  but  the  parasites  suffered  no  harm.  They  can  also 
be  kept  alive  in  sea  water  for  weeks  without  change  if  the 
ucjuaria  are  kept  cool. 
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The  colour  of  the  living  animal  varies  with  the  position 
in  which  it  lives.  On  the  dark  side  of  the  fish  they  are 
of  a deep  brown,  almost  black,  colour.  On  the  “ white '' 
side  and  under  the  fins  they  are  nearly  colourless,  due  to 
the  contraction  of  the  pigment  cells,  which  appear  as 
brown  spots  under  the  microscope.  The  dark  coloured 
forms  soon  become  almost  colourless  when  exposed  to 
light. 

The  Body-wall  and  Body-cavity. 

The  body- wall  consists  of  (1)  the  chitinous  cuticle  or 
exoskeleton,  which  has  been  described  in  the  external 
characters,  (2)  the  cellular  hypodermis,  and  (3)  the  con- 
nective tissue  laminse  which  line  the  integument,  traverse 
the  body  cavity,  and  support  the  alimentary  canal  and 
other  organs.  The  only  cavity  left  inside  the  body-wall  is 
the  system  of  lacunse,  in  which  the  colourless  blood  flows 
(see  below  under  blood  system,  p.  20). 

^ The  Alimentary  Canal. 

The  mouth,  already  described,  leads  into  a short,  narrow 
curved  oesophagus,  lined  with  a thin  chitinous  coat  which 
is  continuous  with  the  exoskeleton.  Near  the  anterior 
end  the  chitinous  coat  is  much  folded.  The  oesophagus 
(Plate  III.,  figs.  3 and  5)  passes  through  the  anterior  part 
of  the  nervous  system,  and  in  a transverse  section  of  that 
region  appears  as  a minute  pinhole.  After  leaving  the 
nervous  system,  it  courses  over  the  sub-oesophageal  gang- 
lion, and  under  a short  csecal  projection  of  the  stomach, 
finally  entering  the  stomach  on  its  ventral  aspect,  at  the 
posterior  end  of  the  sub-oesophageal  ganglion. 

The  stomach  lies  along  the  ventral  surface,  and  is 
lageniform  in  shape  (Plate  II.,  fig.  3).  At  the  anterior 
end  it  is  produced  into  a short  csecum  which  extends  over 
the  posterior  end  of  the  oesophagus  and  it  terminates  by 
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opening  into  the  intestine  in  front  of  the  second  pair  of 
feet. 

The  intestine  is  the  direct  continuation  of  the  stomach. 
It  commences  in  front  of  the  second  pair  of  feet,  and 
passes  through  the  thoracic  and  genital  segments  into  the 
abdomen.  It  widens  slightly  behind  its  junction  with 
the  stomach,  and  then  contracts  as  it  passes  through  the 
fourth  thoracic  segment.  It  expands  again  in  the  genital 
segment,  and  contracts  as  it  enters  the  abdomen.  It 
terminates  in  a short  rectum  leading  into  the  anus  at  the 
apex  of  the  abdomen.  There  are  no  convolutions  in  this 
alimentary  canal. 

The  intestine  at  its  anterior  end  lies  on  the  ventral 
surface  of  the  animal.  In  the  centre  where  it  passes 
through  the  genital  segment,  it  courses  along  the  dorsal 
surface.  It  bends  down  as  it  approaches  the  abdomen, 
and  occupies  the  centre  of  that  part  of  the  body.  In  ’ 
transverse  sections  of  a mature  female  the  stomach  is  ^ 
triangular  in  shape,  with  the  apex  pointing  dorsally.  The  ' 
intestine  in  the  genital  segment  is  also  triangular  in 
transverse  section,  but  the  apex  is  directed  ventrally.  In  ' 
immature  females  the  stomach  and  intestine  are  of  almost  : 
circular  outline  when  cut  transversely,  so  that  the  ; 
alimentary  canal  is  considerably  compressed  when  the 
reproductive  organs  arrive  at  maturity.  ' 

The  wall  of  the  whole  alimentary  canal  is  lined  with  a ] 
thin  layer  of  chitin  continuous  with  the  exterior.  In  '! 
many  places  it  is  considerably  broken  up,  giving  it  the  1 
appearance  of  fine  striation.  Underneath  the  chitin  is  a ' 
layer  of  nucleated  cells,  which  extends  from  the  posterior 
portion  of  the  oesophagus  to  the  rectum.  There  does  not 
appear  to  be  any  marked  regional  differentiation  in  the 
cells.  The  lining  of  the  stomach  and  intestine  is  thrown 
into  a number  of  longitudinal  folds  (Plate  III., fig.  II),  the 
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height  of  which  varies  considerably.  In  the  anterior  por- 
tioii  of  the  stomach  these  folds  are  very  little  higher  than 
the  general  line,  but  as  they  pass  posteriorly  they  increase 
considerably,  diminishing  again  in  the  intestine  as  they 
approach  the  rectum.  The  greatest  height  of  the  folds 
is  reached  in  the  portion  of  the  intestine  passing  through 
the  genital  segment.  In  the  intestine  and  posterior  por- 
tion of  the  stomach  there  are  a number  of  glandular  cells, 
usually  at  the  apices  of  the  longitudinal  folds,  the  contents 
of  which  stain  deeply  with  eosin.  In  many  of  these  the 
cell  contents  have  disappeared,  leaving  a clear  space, 
only  the  cell  wall  remaining. 

The  wall  of  the  stomach  and  intestine  is  marked  by  a 
series  of  transverse  constrictions,  giving  it  a crenate 
appearance,  which  is  easily  seen  in  the  living  animal.  In 
the  living  animal  an  intermittent  movement  of  the  intes- 
tine and  stomach  is  kept  up.  The  action  is  wave-like, 
starting  at  one  end,  and  passing  to  the  other.  After  con- 
tinuing in  one  direction  for  a time,  it  reverses  and  passes 
the  opposite  way.  There  is  no  valve  between  the  stomach 
and  intestine,  and  when  the  peristaltic  motion  is  reversed 
the  fluid  in  the  intestine  is  sent  back  into  the  stomach 
again.  The  only  portions  of  the  alimentary  canal  that 
can  be  closed  are  the  oesophagus  and  anal  end  of  the 
rectum.  The  former  is  controlled  by.  two  longitudinal 
muscles  which  compress  it,  the  latter  by  a number  of 
muscles  passing  obliquely  to  the  body-wall  at  the  sides  of 
the  abdomen.  The  fluids  contained  in  the  alimentary 
canal  are  usually  colourless,  but  occasionally  when  taken 
direct  from  the  fish  and  placed  under  the  microscope,  a 
reddish  tint  may  be  detected  at  the  posterior  end  of  the 
oesophagus. 

In  connection  with  the  alimentary  canal  there  is  a 
distinct  paired  digestive  gland  (Plate  II.,  hg.  d and  fig.  9). 
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It  consists  of  three  portions,  two  moderately  large 
masses  on  the  lateral  margins  of  the  cephalo-thorax, 
just  behind  the  antennules,  and  a median,  smaller  one,  in 
front  of  the  base  of  the  mouth.  The  lateral  portions  are 
connected  with  the  median  by  a duct.  The  median  por- 
tion gives  off  a duct,  which  pas.ses  posteriorly  along  the 
(esophagus  and  enters  the  caecum  at  the  anterior  end  of 
the  stomach.  When  the  parasite  is  first  removed  from  the 
fish  the  digestive  gland  is  usually  of  a dark  brown  colour, 
but  after  starving  for  a few  weeks  it  becomes  colourless! 
The  product  of  the  gland  is  a pale,  yellow  fluid,  which 
can  be  seen  as  it  passes  along  the  duct  between  the  lateral 
and  median  portions. 

Situated  between  the  first  and  second  pairs  of  thoracic 
feet  IS  a pair  of  glands  visible  in  the  living  animal  as 
brown  spots.  A minute  duct  passes  downward  and  then 
forward  along  the  stomach.  The  duct  appears  to  enter 
the  stomach  near  the  posterior  end. 

The  food  of  this  parasite  is  said  to  be  mucus,  and  blood 
has  not  been  detected  in  the  stomach.*  This  fact  gives 
some  cause  for  the  opinion  advanced  by  many  Zoologists 
that  Lepeoj)}itheirus  and  other  allied  genera  are  therefore 
not  parasites  m the  strict  sense  of  the  term,  and  may  not 
be  hurtful  to  their  hosts.  There  is  considerable  difficulty 
in  settling  the  question  of  their  true  food.  Specimens 
taken  direct  from  the  living  fish  and  placed  under  the 
microscope,  rarely  show  even  the  faintest  trace  of  red 
colouring  matter  in  the  alimentary  canal.  The  difference  in 
structure  between  the  Caligidse  and  the  obviously  blood- 
sucking Lernese  is  very  great.  This  will  be  pointed  out 
in  the  section  dealing  with  Lemma  hranchialis,  and  may 
account  for  the  apparent  absence  of  blood.  Mucus  at  the 
best  is  a poor  food,  but  Lejjeophtheirus  can  live  for  upwards 

hesitate,  however,  to  eat  their  comrades  when  these 
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of  six  weeks  in  filtered  sea  water  without  visible  food  of 
any  kind. 

From  the  large  numbers  of  flounders  examined  in  the 
Piel  laboratory,  partly  in  connection  with  this  memoir, 
but  chiefly  in  connection  with  fisheries  work,  during  the 
past  year  or  two,  the  conclusion  has  been  arrived  at,  that 
Lej)eophtheirus  pectoralis  to  some  extent  feeds  on  blood, 
and  may  be  hurtful  to  the  fish,  especially  when  present 

in  numbers  (see  figure  on  p.  6). 

The  appendages  are  more  suited  for  a sedentary  life 
than  even  a semi-pelagic  one.  The  animals  can  only 
remain  swimming  for  short  periods,  and  their  presence  in 
tow-nettings,  therefore,  is  accidental.  They  do  not,  under 
normal  conditions,  and  as  long  as  the  fish  remains  in  a 
healthy  state,  leave  their  host.  In  the  fish  tanks  at  Piel 
over  150  flounders,  all  more  or  less  infested  with 
Lepeophtheirus,  are  kept  during  the  spawning  season. 
The  waste  water  from^  the  tanks  is  carefully  filtered  for 
periods  of  at  least  three  months  in  the  spring,  to  collect 
the  eggs  shed  by  the  fish.  Yet  not  even  one  specimen  of 
the  parasite  has  been  found  in  the  filter.  When  the 
fish  are  examined  and  the  parasites  removed,  no  matter 
how  carefully,  the  skin,  especially  where  there  are  a 
number  close  together,  is  usually  lacerated  and  bleeding. 
The  males  and  immature  females  on  the  general  surface 
of  the  body  do  not  seem  to  remain  long  enough  in  one 
place  to  cause  obvious  injuries.  Under  the  fins,  however, 
and  on  the  fins  themselves,  where  the  egg-bearing  females 
are  usually  found,  and  where  they  lie  for  weeks  in  the 
same  position  if  not  disturbed,  is  the  part  of  the  fish 
chiefly  injured.  The  pectoral  fin  in  some  instances  may 
be  partially  destroyed,  and  pieces  of  the  tissues  are  fre- 
quently found  enclosed  in  the  second  maxillipedes  of  the 
parasite. 
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The  antennae  and  claws  of  the  second  maxillipedes  are 
plunged  into  the  tissues  of  the  fish  along  with  the  teeth 
of  the  maxilla,  lacerating  the  skin,  and  into  this  wound 
the  suctorial  mouth  is  directed.  The  blade-like  mandibles 
assist  in  collecting  the  particles  of  food  material.  These 
are  sucked  up,  pass  down  the  oesophagus  into  the  stomach, 
where  they  are  at  once  acted  on  by  the  fluid  from  the 
digestive  glands,  and  the  colour  of  any  blood  present  may 
then  be  discharged.  It  is  usually  at  the  junction  of  the 
oesophagus  with  the  stomach  that  any  red  coloured 
particles  occur.  The  food  can  then  be  traced  along  the 
stomach  and  intestine,  and  the  waste  matter  is  expelled 
from  the  anus  in  long  strings. 

On  comparing  transverse  sections  of  the  alimentary 
canal  of  Lepeophtheirus  and  of  Lerncea  which  happen  to 
contain  food,  and  have  been  stained  in  eosin  and  hsema- 
toxylin,  there  is  seen  to  be  a marked  similarity  in  the 
nature  of  the  food  in  the  two  cases.  Both  are  finely 
granular,  and  stain  red  with  eosin.  Mucus  from  the 
flounder  has  no  such  granular  appearance. 

It  is  stated  by  some  Zoologists  that  copepod  parasites 
are  generally  found  most  abundantly  on  weak  and 
diseased  fishes.  It  is  not  so  with  LepeopUheirus 
pectoralis.  Flounders  with  many  parasites  in  our  tanks 
were  in  as  good  condition  as  those  that  had  none.  They 
were  never  found  on  flounders  which  were  thin  and  in 
poor  condition,  as  they  detach  themselves  and  swim  away 
when  the  fish  becomes  feeble.  This  was  proved  by  actual 
expel  iments  and  observations  at  the  Piel  Hatchery. 

The  Blood  and  Circulation. 

There  is  no  heart  in  Lepeophtlieirus,  nor  are  there  any 
proper  blood  vessels. 
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Tlie  circulation  is  wholly  lacunar,  and  simply  consists 
of  broad,  irregular  streams  passing  through  the  spaces 
left  among  the  internal  organs,  and  between  the  connec- 
tive-tissue bands  of  the  body-wall.  These  streams  have  in 
general  certain  definite  directions,  but  they  are  not 
uniform,  continuous  currents.  The  fluid  advances  by 
successive  jerks,  depending  upon  the  movements  of  the 
alimentary  canal  and,  in  part,  of  the  reproductive  system. 
The  blood  is  a clear  fluid,  containing  numerous  colourless 
corpuscles.  The  corpuscles  vary  in  size  and  shape,  and 
can  accommodate  themselves  in  diameter  to  the  spaces 
tlirougli  which,  they  pass. 

Plate  II.,  fig.  2,  shows  the  course  of  the  mam  blood 
currents.  Starting  from  behind  the  eye,  there  are  two 
currents  passing  posteriorly,  one  flowing  to  each  postero- 
lateral angle  of  the  cephalo-thorax,  where  it  turns  and 
courses  forward  along  the  lateral  margin  of  the  carapace 
till  it  reaches  the  group  of  muscles  connected  with  the 
mandibles.  It  then  divides,  one  portion  continuing  along 
the  margin  to  the  base  of  the  antennules,  where  it  splits 
up  into  minute  currents,  all  converging  to  the  base  of  the 
mouth,  while  the  other  branch  of  this  cephalo-thoracic 
current  passes  along  the  muscles  of  the  mandibles  and 
duct  of  the  digestive  gland,  and  meets  the  currents  of  the 
former  branch  at  the  base  of  the  mouth. 

A second  main  current  courses  posteriorly  through  the 
cephalo-thorax  and  the  fourth  thoracic  segment,  into  the 
genital  segment.  It  flows  there  along  the  reproductive 
organs  in  a broad  stream,  and  turns  round  at  the  end  of 
the  segment.  The  currents  from  both  sides  meet  in  the 
middle  line,  and  flow  forward  under  the  alimentary  canal. 
In  the  region  of  the  second  maxillipede,  this  median 
ventral  current  breaks  up  into  a complicated  series  of 
smaller  currents,  some  of  which  pass  into  the  two  currents 
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flowing  posteriorly,  and  the  others  into  the  currents 
passing  to  the  base  of  the  mouth. 

The  main  currents  are  easily  seen  by  placing  the  living 
animal  on  its  back,  in  a drop  of  sea  water  on  a slide.,  then 
covering  with  a thin  cover  glass  and  examining  with  a 
-|in.  objective. 

The  blood  currents  described  above  do  not  continue  to 
flow  for  any  length  of  time  in  the  one  direction.  At  one 
period  they  may  be  flowing  as  indicated  by  the  arrows  in 
Plate  II.,  fig.  2.  Then  they  suddenly  slacken  and  reverse, 
and  stream  for  a time  in  exactly  the  opposite  course. 
Sometimes  the  blood  corpuscles  are  seen  to  simply  oscillate 
backwards  and  forwards,  making  no  advance,  but  at  other 
times  they  pass  rapidly  along  in  a definite  manner. 

There  are  no  independent  organs  of  respiration.  It  has 
been  suggested  by  Hartog  and  others  that  the  blood  is 
probabh^  aerated  from  the  sea  water  contained  in  the  thin- 
walled  alimentary  canal  by  the  method  of  anal  respira- 
tion,” which  has  been  described  in  Cyclops,  C aligns, 
Argulus,  Daphnia,  Cyp)ris  and  other  lower  Crustacea. 

I he  ciiticular  exoskeleton  over  the  surface  of  the  body 
is  in  most  places  so  thick  that  the  respiratory  change  of 
gases  may  be  supposed  to  take  place  much  more  readily 
through  the  very  thin  layer  of  chitin  which  lines  the 
rectum.  There  are  dilator  muscles  attached  to  the  wall 
close  to  the  anus,  and  the  peristaltic  movements  of  the 
whole  alimentary  canal  may  aid  in  the  production  of 
inhalent  and  exhalent  currents  of  water.  It  appears, 
however,  to  the  present  author  that  further  precise  obser- 
vations are  required  to  substantiate  this  hypothesis. 

No  organ  corresponding  to  the  shell  gland”  described 
in  various  lower  Crustacea,  and  shown  by  Claus,  Hartog 
and  others  to  be  a renal  organ,  has  been  found. 
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The  Muscular  System. 

The  muscles  moving  the  appendages  and  segments  of 
the  body  can  be  distinctly  seen  and  traced  to  their 
extremities  through  the  transparent  exoskeleton  (Plate  II., 
fig.  1 and  fig.  2). 

The  frontal  portion  of  the  cephalo-thorax  is  controlled 
by  two  short  slender  muscles,  ml/.,  (Plate  II.,  fig.  2)  passing 
postero-laterally  from  near  the  lateral  edge  of  the  cara- 
pace. They  act  in  depressing  the  margin  so  as  to  produce 
a close  attachment  to  the  host.  The  posterior  region  of 
the  cephalo-thorax  is  supplied  with  a number  of  pairs  of 
muscles,  some  passing  forward  and  others  laterally,  which 
contract  and  expand  that  part  of  the  body.  The  lateral 
margins  are  controlled  by  long  muscles  passing  obliquely 
outwards  from  the  anterior  end  of  the  lateral  suture. 
The  muscles  of  the  fourth  thoracic  and  genital  segments 
arise  near  the  median  line  of  the  posterior  portion  of  the 
cephalo-thorax,  and  pass  backwards.  They  produce  a 
lateral  motion  of  the  posterior  parts  of  the  body,  and  also 
a sort  of  telescoping  contraction  which  draws  the  genital 
segment  into  the  cephalo-thorax.  The  muscles  of  the 
abdomen  arise  near  the  middle  of  the  genital  segment 
and  pass  backwards.  They  produce  a telescoping  move- 
ment of  the  abdomen. 

The  various  appendages  and  other  organs  are  also  well 
supplied  with  muscles.  The  antennules  have  each  a pair, 
which  elevate  and  depress  the  joints.  The  grasping 
action  of  the  antennae  is  produced  by  muscles  passing 
obliquely  to  the  lateral  margins.  The  movements  of  the 
mouth  are  controlled  by  a complicated  series  of  muscles 
passing  anteriorly,  posteriorly  and  laterally,  all  of  which 
assist  in  elevating  and  depressing  it  when  sucking  up 
food.  The  mandibles  are  provided  with  muscles  of  extra- 
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ordinary  lonjfth  and  power,  which  pass  nl)li(|ue]y  lock- 
ward  to  the  lateral  mai'j^ins  of  the  carapace  nearly  qjposite 
the  first  pair  of  feet.  The  muscles  of  the  first  niaxill* 
are  very  short  and  thin.  They  pass  along  the  posterior 
surface  of  the  muscles  of  the  antenna,  to  the  lateral 
margins.  The  second  maxillie  are  controlled  by  powerful 
muscles  passing  to  the  lateral  margins.  The  muscles  of 
the  first  maxillipedes  pass  obliquely  forward  to  the  lateral 
margins.  Ihe  second  maxillipedes  are  supplied  wuth  short 
and  powerful  muscles  wdiich  pass  forward  under  the 
second  maxillm.  The  terminal  claw  is  provided  with 
muscles  of  great  strength.  The  first  three  pairs  of  feet 
are  supplied  with  a complicated  series  of  muscles  passing 
dorsally  amongst  those  controlling  the  posterior  portion 
of  the  cephalo-thorax.  The  fourth  pair  of  feet  are 
apparently  little  used,  and  consequently  are  only  supplied 
with  feeble  muscles.  The  alimentary  canal  is  controlled 
1)3^  longitudinal  muscles,  and  also  by  muscles  passing 
transversely,  which  produce  the  wave-like  peristaltic 
motions  and  crenated  appearance.  The  anus  is  opened 
and  shut  by  muscles  passing  obliquely,  which  open  and 
shut  each  side  alternately  or  simultaneouslv  according  to 
the  requirements  of  the  animal.  The  reproductive  organs 
are  also  controlled  by  muscles,  which  give  rise  to  pulsating 
movements,  and  assist  in  expelling  the  ova  and 
spermatophores. 

The  ]Vervous  Sy^stem. 

The  cential  nervous  system  in  Le'peo'plitlieirus  consists 
of  a cerebral  or  snpra-cpsophageal  ganglion  and  a large 
sub-nesophageal  ganglion  placed  on  the  ventral  surface, 
in  the  median  line,  and  extending  from  slightly  in  front 
of  the  second  pair  of  maxillm  to  near  the  articulation  of 
the  second  pair  of  maxillipedes  with  the  body.  The 
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ganglia  are  connected  bv  broad  commissures  passing  on 
each  side  of  tbe  oesophagus,  leaving  only  a narrow  opening 
for  its  passage.  The  sub-oesophageal  ganglion  piojecis 
slightly  forward  under  the  supra-oesophageal,  giving  it 
the  appearance  of  being  separated  from  it,  when  viewed 
from  the  ventral  aspect  (Plate  III.,  fig-  2).  These  aie 
the  only  ganglia,  and  they  supply  the  various  parts  of  the 
body  with  nerves. 

The  supra-oesophageal  ganglion  is  about  half  the  size 
of  the  sub-oesophageal.  It  is  produced  on  its  dorsal 
surface  into  an  optic  lobe  (Plate  III.,  fig.  5),  from  which 
arises  a distinct  pair  of  optic  nerves.  Horizontal  sections 
of  the  optic  lobe  show  that  the  roots  of  these  nerves  cross 
each  other  (Plate  III.,  fig-  12).  Each  optic  nerve,  there- 
fore, is  supplied  by  fibres  from  both  sides  of  the  brain. 

The  nerves  supplying  the  antennules  arise  from  near 
the  anterior  angles  of  the  ganglion.  They  pass  obliquely 
forward  to  the  base  of  the  antennules,  and  there  sub- 
divide into  a number  of  branches  which  pass  to  the  setse 
clothing  the  anterior  surface  of  the  basal  joint  and  apex 
of  the  second  (Plate  III.,  fig.  4).  From  the  manner  in 
which  the  antennules  are  supplied  by  this  nerve  it  is 
evident  that  they  are  important  sensory  organs  (Plate  III., 

fig  4). 

The  antenna  are  supplied  by  nerves  arising  from  the 
anterior  angles  of  the  ganglion,  which  pass  anteriorly 
under  the  nerves  of  the  antennules  and  enter  the  base 
of  the  antennse.  These  are  the  only  appendages  supplied 
from  the  supra-oesophageal  ganglion. 

The  sub-oesophageal  ganglion  is  heart-shaped,  and  fully 
twice  the  size  of  the  supra-oesophageal.  It  represents  the 
whole  of  the  thoracic  and  abdominal  ganglia  of  the  higher 
Crustacea,  and  supplies  the  remainder  of  the  appendages. 
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The  nerves  passing  to  the  mandihles  have  their  origin 
on  the  anterior  margin  near  the  middle  line.  They 
course  along  the  muscles  of  the  (esophagus,  and  reach  the 
mandibles  near  the  base  of  the  mouth. 

The  next  pair  of  nerves  arise  at  the  anterior  angle  of 
the  ganglion,  course  forward,  under  the  nerves  of  the 
antennae  and  antennules,  to  the  frontal  plate  which  they 
enter  about  midway  between  the  lateral  margin  and 
middle  line.  They  then  turn  abruptly  and  pass  out  to 
the  lateral  margins  of  the  frontal  plate,  just  above  the 
antennules.  The  margin  at  this  point  is  destitute  of  the 
transparent  membrane  which  surrounds  the  carapace. 
The  neiwes  terminate  in  a shallow  cup,  evidently  a 
sensoiy  organ. 

Three  other  pairs  of  nerves  arise  from  the  anterior 
angles  of  this  ventral  ganglion.  The  first  passes  to  the 
rudimentary  first  pair  of  maxillae,  the  second,  a short 
nerve,  passes  to  the  second  pair  of  maxillae,  and  the  third  ' 
to  the  muscles  controlling  the  lateral  margins  of  the  i 
cephalo-thorax. 

The  nerves  supplying  the  first  pair  of  maxillipedes  arise  ( 
from  the  anterior  portion  of  the  lateral  margin.  They 
are  large  nerves  at  their  origin,  but  immediately  divide  : 
into  four  branches,  passing  to  the  maxillipedes  and 
muscles.  The  second  pair  of  maxillipedes  are  also  supplied  ' 
by  nerves  arising  from  the  lateral  margins.  Like  those  i 
of  the  first  maxillipedes  they  have  strong  roots,  and  at  i 

once  divide  into  three  branches  which  pass  to  the  second  « 

maxillipedes  and  their  muscles. 

The  remaining  nerves  have  their  roots  in  the  posterior 
end  of  the  ganglion.  There  are  three  pairs.  These 
supply  the  five  pairs  of  feet  and  the  abdomen.  The  outer 
pair  of  nerves  supply  the  first  pair  of  feet.  Near  the 
origin  a branch  is  given  off  which  passes  to  the  muscles 
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of  the  stomacli.  The  next  pair  supply  the  second  pair  of 
feet.  They  course  along  the  median  nerves  as  far  as  the 
sternal  fork  and  then  diverge.  Just  under  the  sternal 
fork  a branch  is  given  oh  which  appears  to  pass  to  the 
muscles  of  the  posterior  region  of  the  cephalo-thorax. 

The  median  pair  course  close  together,  and  unless 
carefully  examined  are  easily  mistaken  for  a single  nerve. 
There  is  a distinct  division,  however,  which  is  apparent 
even  in  the  roots.  Between  the  second  and  third  pairs 
of  feet  a strong  branch  is  given  off  which  passes  to  the 
third  pair  of  feet.  The  nerves  then  diverge,  and  just 
before  entering  the  fourth  thoracic  segment  give  off  a 
branch  that  passes  to  the  fourth  feet.  The  main  trunks 
course  on  through  the  genital  segment,  still  further 
diverging.  Shortly  after  entering  the  broad  part  of  this 
segment  a third  branch  is  given  off  which  takes  a semi- 
oval course  along  the  ventral  surface  of  each  half  of  the 
segment,  finally  passing  to  the  setae  of  the  fifth  feet.  On 
entering  the  abdomen  the  main  trunks  split  into  two 
branches,  one  passing  to  the  anus  and  the  other  to  the 
setie  on  the  apex  of  the  caudal  stylets  (Plate  III.,  fig.  2). 

Each  nerve,  after  leaving  the  main  trunk,  sends  out 
numerous  branches  which  pass  to  the  various  muscles 
controlling  the  appendages  innervated  by  that  nerve. 
Excepting  the  nerve  passing  to  the  fifth  feet,  the  branches 
are  not  shown  in  the  figure  (Plate  III.,  fig.  1).  There 
is  considerable  difficulty  in  tracing  the  endings  of  the 
branches  when  they  pass  amongst  the  muscles. 

The  chief  sense  organs  connected  with  the  nervous 
system  are  the  conspicuous  eyes  which  are  described  above 
(p.  71).  There  are  also  the  numerous  setse  scattered  over 
the  surface  of  the  body  and  appendages,  which  are  possibly 
tactile  in  function.  Probably  the  setae  upon  the  anten- 
nules,  which  are  richly  supplied  with  nerves  from  the 
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siipra-oesopliageal  ganglion,  have  a special  function,  which 
ma\’  be  olfactory. 

T H K 11k  nin  > j > r cti  ve  Org  a ns  . 

The  reproductive  organs  are  paired,  and  as  already 
stated,  the  sexes  are  separate. 

In  the  female  (Plate  II.,  fig.  4)  the  ovaries  are  large 
kidney-shaped  organs  lying  on  each  side  of  the  anterior 
portion  of  the  stomach  and  extending  from  under  the  first 
pair  of  feet  to  the  base  of  the  second  niaxill{«,  when 
fully  matured.  Each  oviduct  [od.)  arises  near  the  anterior 
end  of  the  ventral  surface  of  the  ovary,  and  courses 
posteriorly  as  a narrow  tube  till  it  enters  the  genital 
segment.  It  then  expands  rapidly,  and  passes  to  near  the 
end  of  the  segment.  It  then  reverses  its  course,  passing 
foiwaid  to  the  central  portion  of  the  segment,  where  it 
turns  again  in  a posterior  direction,  and  passing  out  to  the 
centre  of  each  half  of  the  segment,  it  opens  to  the  exterior  " 
just  under  the  fifth  feet.  Each  oviduct  thus  forms  two 
loops  in  the  genital  segment.  On  the  ventral  aspect  of  j 
the  loops  of  each  oviduct  there  is  a short,  semi-transparent 
cylindrical  tube  {sg.)  with  the  anterior  end  closed  and  t 
rounded,  and  the  posterior  produced  into  a fine  duct,  ' 
which  communicates  with  the  oviduct  near  its  extremity. 

I his  organ  is  evidently  a cement  gland  for  secreting  the 
enclosing  membrane  of  the  ovisac.  Each  vulva  (fig.  G,  vu.)  ! 
is  situated  near  the  middle  line  behind  the  junction  of  the  \ 
genital  segment  with  the  abdomen.  It  appears  to  consist  • 
of  a simple  opening  leading  into  the  vagina  which  expands  | 
into  a “ receptaculum  seminis.”  This  is  an  elongated  sac  ' 
passing  from  the  median  line  to  the  oviduct,  which  it 
enters  alongside  the  duct  of  the  cement  gland. 

In  the  male  the  reproductive  organs  (Plate  II.,  fig.  5) 
consist  of  a pyriform  testis,  on  each  side,  situated  in  a 
position  corresponding  witk  that  of  the  ovary.  It  is  only 
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about  one-foiirtb  the  size  of  tlie  ovary.  Each  vas  deferens 
courses  posteriorly  into  the  oval  genital  segment.  It  coin- 
municates  with  the  sac  of  the  sperniatophore  on  the  external 
margin  near  the  posterior  end.  A short  cement  gland 
furnishes  a duct  which  passes  in  at  the  anterior  end  of 
the  sac.  The  sperniatophore,  an  oval  body  containing 
the  spermatozoa,  is  expelled  from  an  opening  near  the 
posterior  angle  of  the  segment. 

In  L/ei)eoj)htlieiriis  the  fertilisation  of  the  female  is 
accomplished  soon  after  the  chalimus  stage  is  com- 
pleted. The  genital  segment  is  then  very  small,  about 
one-fifth  the  length  of  that  of  a mature  female.  It  is 
grasped  by  the  male  on  the  dorsal  aspect.  The  antennse 
close  round  the  junction  of  the  genital  segment  with  the 
fourth  thoracic,  and  the  second  maxillipedes  seize  the 
segment  immediately  in  front  of  its  junction  with  the 
abdomen.  The  animals  remain  in  this  condition  for  some 
time,  and  can  only  be  separated  with  difficulty.  I he 
spermatophores  are  discharged  in  pairs.  When  they  are 
ready  for  discharging  the  male  folds  the  whole  of  the 
posterior  portion  of  its  body  along  the  ventral  surface  of 
the  female.  The  openings  of  the  spermatophore  sacs  are 
thus  brought  in  contact  with  the  vulvse.  The  spermato- 
phores are  then  discharged,  and  being  in  a viscid  condi- 
tion, at  once  stick  to  the  female.  One  end  of  the  cover- 
ing, probably  the  last  part  that  leaves  the  opening,  is 
drawn  out  into  a fine  thread,  which  helps  to  secure  the 
spermatophore.  The  spermatophores  are  not,  apparently, 
always  fortunate  in  reaching  the  vulvse.  It  is  by  no 
means  uncommon  to  find  them  planted  amongst  the 
appendages  in  little  clusters  like  grapes.  These  have 
been  mistaken  by  some  of  the  earlier  Zoologists  for  the 
eggs,  when  the  true  egg  sacs  were  considered  to  be 
antennules. 
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One  copulation  apparently  fertilises  all  the  eggs  pro- 
duced b}  the  female.  It  is  obvious,  when  one  compares 
the  male  with  a mature  female  (Plate  I.,  figs.  1 and  2), 
that  fertilisation  cannot  be  accomplished  when  the  female 
genital  segment  is  fully  developed.  Hence  the  need  of 
it  being  effected  at  an  early  stage. 

The  exact  period  at  which  the  eggs  are  fertilised  by  the 
spermatozoa  is  unknown.  The  spermatophores  may  be 
found  attached  to  the  body  for  some  time  after  the  female 
has  begun  to  produce  eggs  (Plate  II.,  fig.  4,  sp.),  but  they 
are  then  simply  empty  sacs.  Plate  II.,  fig.^  7,  shows  a 
pair  of  spermatophores  that  have  been  detacLd  from  an 
egg-bearing  female.  The  little  opening  at  cl.  was  in 
diiect  communication  with  the  vulva.  These  sacs  were 
empty.  In  an  immature  female  (Plate  II.,  fig.  6),  the 
vulva  leads  into  a short  vagina,  passing  directly  into  the 
oviduct.  The  spermatozoa  probably  remain  in  the  vagina  ’ 
which  becomes  a “ receptaculum  seminis.”  In  transverse  ^ 
or  longitudinal  sections  through  the  region  of  the  vagina  ‘ 
of  a mature  female  masses  of  spermatozoa  are  frequently 
found  in  the  swollen  part  (Plate  II.,  fig.  4,  rep.).  The  J 
oviduct  in  the  immature  female  has  no  communication  ' 
with  the  exterior  except  through  the  vulva. 

The  ovary  of  a mature  female  appears  as  shown  in 
Plate  II.,  fig.  10.  It  consists  of  a number  of  tubules  ' 
lined  with  nucleated  cells  representing  a germinal  epithe-  ] 
Hum,  which  will  form  the  eggs.  The  interior  of  the 
tubules  is  filled  with  a granular  substance,  staining  faintly  1 
blue  with  hsematoxylin  and  eosin.  TV^hen  the  eggs  become  * 
mature  the  walls  of  the  tubule  break  down  and  the  eggs 
pass  out  into  the  oviduct.  They  are  then  very  small,  about 
•02  mm.  in  diameter,  and  do  not  fill  up  the  duct.  They 
are  simply  nucleated  cells.  As  they  pass  posteriorly  they 
increase  in  size.  In  the  fourth  thoracic  segment  thev 
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measure  ’06  mm.,  and  appear  as  oval  bodies  with  a thin 
vitelline  membrane.  The  cell  contents  are  finely 
granular.  The  nucleus  is  a large  oval  body,  with  a sharp 
outline.  A single  rounded  nucleolus  is  also  present. 
After  passing  into  the  genital  segment  the  cell  contents 
increase  in  amount,  causing  a great  enlargement  of  the 
egg,  which  finally  passes  out  at  the  opening  between  the 
vulva  and  the  lateral  margin  of  the  segment,  already 
described.  As  the  eggs  pass  out  they  are  probably 
fertilised  by  the  spermatozoa  from  the  “ receptaculum 
seminis.”  They  are  then  enclosed  in  a thin  chitinous 
tube,  secreted  by  the  cement  gland,  which  gradually 
extends  as  more  eggs  are  expelled.  The  ovisacs  are  often 
longer  than  the  animal.  The  eggs  in  this  tube  are 
biscuit-shaped,  measuring  ‘36  mm.  in  diameter  and 
•11  mm.  in  thickness.  They  are  arranged  in  a single 
column.  When  the  animal  is  irritated  the  tubes  are 
frequently  detached.  When  the  embryos  hatch,  the 
empty,  ruptured  tube  is  left,  and  remains  attached  to  the 
animal  for  a time.  After  examining  many  specimens, 
the  conclusion  has  been  come  to  that  additional  eggs  are 
not  developed  in  the  tubules  of  the  ovary  after  the  first 
lot  have  been  expelled.  Adult  females  in  which  the 
ovary  is  only  an  empty  sac  are  not  uncommon. 

Life  History. 

Le'peo'phtheirus  has  no  regular  breeding  season.  Mature 
females  with  ovisacs  may  be  found  at  all  times.  The 
state  of  development  reached  by  the  embryos  carried  by 
various  females  collected  at  the  same  time  is  frequently 
widely  different.  In  some  the  germinal  disc  has  just 
begun  to  segment,  in  others  the  larvae  are  ready  to  hatch. 

The  changes  that  take  place  in  the  developing  embryo 
have  not  been  worked  out  by  the  author.  The  period  of 
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incubation  was  found  to  extend  over  several  weeks  at 
least.  In  one  case  tlie  ovisacs  were  kept  for  six  weeks 
and  in  another  eight  weeks,  before  the  embryos  hatched. 
Tlie  incubation  takes  longer  than  that,  however.  In 
both  cases  the  embryos  were  pigmented  when  placed 
under  observation.  The  first  appendages  that  make  their 
appearance  are  the  antennules,  antennae  and  mandibles. 
I hey  are  in  a rudimentary  state,  and  the  embryo  is  now 
ready  to  hatch.  During  this  period  the  embryo  increases 
in  size  as  it  develops. 

The  whole  of  the  embryos  contained  in  the  tube  hatch 
practically  at  once.  The  enclosing  membrane  ruptures, 
then  the  membrane  of  the  tube  splits,  and  the  nauplii 
after  freeing  themselves  from  the  fragments  swim  to  the 
surface.  Plate  I.,  fig.  3,  represents  a newly  hatched 
nauplius,  the  natural  size  of  which  is  *40  mm.  It  leads 
a pelagic  life  for  a time,  and  grows  by  successive  moult- 
ings.  It  next  settles  down  on  some  fish,  and  passes  into 
a cyclopoid  state  (Plate  I.,  fig.  5).  The  young  parasite 
immediately  develops  a thin  chitinous  filament  from  the 
median  frontal  gland  already  described,  which  passes  into 
the  tissues  of  the  host,  and  it  becomes  fixed.  The  median 
sucker  {h.,  Plate  I.,  fig.  5),  with  the  help  of  the  rudi- 
mentary antennse  and  second  maxillipedes,  enables  the 
animal  to  bring  its  mouth  into  contact  with  the  host. 

If  young  plaice,  flounder,  cod,  &c.,  one  to  three  inches 
in  length,  be  examined  very  carefully  at  the  end  of  the 
summer,  it  is  practically  certain  that  some  recently 
attached  Lepeoflitlieirus  or  Caligus  will  be  found  either 
on  the  fins  or  some  other  part  of  the  integument.  On 
examining  fins  which  have  parasites  attached,  the  filament 
is  seen  passing  through  the  skin,  under  it,  and  along  one 
of  the  fin  rays,  as  shown  on  Plate  I.,  fig.  5 (natural  size 
‘77  mm.).  The  filament  may  have  the  end  bluntly 
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pointed  or  flattened  into  a disc  (Plate  I.,  fig-  4).  iliis  is 
the  “ chalinms  ” stage  referred  to  on  previous  pages,  so 
called  because  Bnrnieister,  in  1831,*  described  it  as  a new 
genus  under  the  name  “ Chalimus.”  This  was  afterwards 
shown  by  Hesse  and  others  to  be  only  a young  stage  of  the 
Caligidge.  The  young  parasite  continnes  to  grow  by  suc- 
cessive inoultings,  and  the  various  appendages  make  their 
appearance  in  regular  order.  The  duration  of  this 
attached  stage  has  not  been  determined.  When  the 
appendages  are  fully  developed,  as  in  Plate  I.,  fig-  6,  the 
filament  separates  at  its  junction  with  the  frontal  margin 
leaving  a notch,  the  remains  of  which  persist  all  through 
the  adult  life. 

The  male,  at  the  conclusion  of'  the  attached  stage,  is 
practically  fully  developed.  The  female  remains  in  an 
immature  condition  until  fertilisation  is  effected  and  the 
ova  begin  to  pass  down  the  oviducts.  Ihe  genital  seg- 
ment then  increases  in  size  from  that  shown  on  Plate  II., 
fig.  G,  to  the  mature  condition  of  Plate  I.,  fig.  1- 
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IL-*LEEN^A. 

The  Lern^eiile,  although  not  so  extensive  a family  in  i 
numbers  of  genera  and  species  as  the  Caligid^,  are  more  ( 
interesting  to  the  specialist.  They  present  some  of  the  ' 
most  remarkable  instances  of  retrograde  development  that 
are  to  be  found  in  the  whole  group  of  parasitic  Copepoda. 
There  is  great  excuse  for  the  difficulty  experienced  by  the 
earlier  Zoologists  in  giving  certain  members  of  this  family 
their  true  place  in  the  animal  kingdom.  The  fact  that 
these  animals  were  placed  first  in  one  group  and  then  in 
another  by  successive  workers  is  not  surprising,  consider- 
ing that  nothing  was  then  known  about  their  life  history,  i 
It  requires  some  study  even  at  the  present  day  to  show 
that  LerncEa  is  a Crustacean,  still  more  to  demonstrate 
that  it  is  related  to  LepeoiJhtheirus.  I 

The  genus  Lerncea  as  it  now  stands  contains  only  five'* 
species.  I ormerly  it  was  very  extensive,  and  included  j 
many  forms,  such  as  Lepeophtheirus  pectoralis,  that  had', 
not  the  least  apparent  resemblance  to  each  other  in  the 
adult  state.  Careful  research,  along  with  a better  know- 
ledge  of  the  minute  structure,  gradually  eliminated  the'! 
unlike  species,  which  were  removed  to  other  genera.  An  i, 
excellent  historical  account  of  our  knowledge  of  the  group  | 
will  be  found  in  Baird’s  “ Entomostraca.”  I 

The  species  described  here  is  Lerncea  hranchialis,  Linn.  | 

AIode  of  Occurrence.  | 

The  adult  female  is  found  on  the  gills  of  the  Gadidse,  I 
such  as  cod,  haddock  and  whiting.  Immature  (cyclops  I 
stage)  males,  and  females  with  adult  males  attached,  are  i 
found  on  the  apex  of  the  gill  filaments  of  the  flounder,  | 
sometimes  in  large  numbers.  Eull-grown  females  are  || 
not  plentiful  on  the  fishes  caught  in  the  vicinity  of  Pick  i 
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Lwo  to  four  specimens  have  been  found  after  examining 
Lumerous  catches  of  young  cod  of  one  dozen  each.  The 
atio  thus  varies  from  one  in  three  fish  to  one  in  six.  In 
>ne  or  two  instances  two  and  sometimes  three  specimens 
rere  found  on  young  cod  eight  inches  long.  The  length 
)f  a full  grown  female  Lernc^a  is  a little  over  one  inch. 

The  adult  female  is  securely  fastened  to  its  host  by 
;trong  branched  horns,  three  in  number,  which  are  buried 
in  the  tissues  of  various  parts  of  the  gill  arches.  In 
iiany  instances  the  head  was  found  to  have  actually 
penetrated  the  ventral  aorta.  To  obtain  the  specimens 
in  an  entire  condition  the  tissues  of  the  host  have  to  be 
carefully  dissected.  Attempts  to  remove  them  by  force 
always  result  in  the  head  being  left  in  the  fish.  The 
parasite,  when  once  fixed,  remains  in  the  same  position 
throughout  life.  When  it  dies  the  softer  parts  decay,  but 
the  head  continues  for  a long  time  embedded  in  the  tissues 
of  the  host,  and  is  often  met  with  there  when  dissecting 
out  living  specimens. 

External  Characters. 

The  adult  female  (Plate  IV.,  fig.  1)  is  cylindrical.  It 
is  unsegmented,  but  roughly  divided  into  three  parts  a 
globular  head  with  anchor-like  processes,  connected  by  a 
narrow  neck  to  a much  swollen  posterior  part. 

The  globular  head  corresponds  to  part  of  the  cepha.o- 
thorax  in  Lepeojjhtheirus.  It  is  furnished  with  three 
more  or  less  branched  horns,  two  lateral  and  one  median 
and  dorsal.  The  head  is  slightly  curved  downwards,  ter- 
minating in  a conical  apex. 

The  anterior  portion  of  the  neck  represents  the 
remainder  of  the  cephalo-thorax  and  the  fourth  thoracic 
segment.  The  whole  of  the  neck  is  marked  by  fine  trans- 
verse lines. 
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The  remainder  of  the  neck  and  the  greater  part  of  the 
swollen  mass  behind  corresponds  to  the  genital  segment. 
The  abdomen  is  represented  by  the  terminal  portion  of 
the  swollen  part,  and  gradually  tapers  to  a blunt  end. 
The  swollen  region  of  the  genital  segment  is  abruptly 
bent  into  the  form  of  the  letter  S (Plate  IV.,  fig.  1). 

The  appendages  are  rudimentary,  the  greater  number 
being  entirely  absent.  Those  present  are  the  first  pair 
of  maxillipedes  placed  at  the  apex  of  the  head,  immediatelv 
under  the  mouth,  and  four  pairs  of  swimming  feet  at  the 
anterior  end  of  the  narrow  neck.  The  swimming  feet  are 
exactly  as  they  exist  in  the  cyclops  stage  both  in  size  and 
structure.  The  protopodite  is  two-jointed,  the  exopodite 
of  the  four  pairs  is  two-jointed.  The  endopodite  of  the 
first  two  pairs  is  also  two-jointed.  The  third  and  fourth 
pairs  of  feet  have  no  endopodite. 

The  external  openings  are,  the  mouth  placed  at  the 
apex  of  the  head,  the  openings  of  the  oviducts  situated  | 
on  the  ventral  aspect  of  the  S-shaped  region,  and  the  anus  ^ 
at  the  blunt  apex  of  the  abdomen  (Plate  IV.;  fig.  1,  ' 

The  colour  of  the  living  animal  is  dark  red,  due  to  the  ' 
contained  blood.  When  removed  from  the  fish  and  placed  = 
in  sea  \Yater  the  colour  changes  to  white.  Lerna^a  does 
not  live  long  after  being  taken  from  the  fish.  The 
longest  period  observed  was  about  twelve  hours.  Thev  ' 
are  simply  inert  sacs  quite  incapable  of  movement.  | 
Occas'ionally  the  parasites  are  covered  with  colonies  of  I 
hydroids  which  sometimes  entirely  obscure  them.  The  ,• 
exoskeleton  consists  of  a chitinous  cuticle  moderately  thin  \ 
and  soft  in  the  region  of  the  swollen  part,  but  thick  and 
hard  on  the  neck  and  head. 

Immature  Lemma  hranchialis  living  on  the  apex  of  the  , 
gill  filaments  of  the  flounder  (Plate  IV.,  figs.  3,  4,  and  5)  i 
are  cyclopoid  in  appearance.  The  animal  is  oval  in  trans-  |j 
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verse  section.  It  is  composed  of  five  distinct  parts — an 
oval  ceplialo-tliorax,  three  thoracic,  and  one  terminal 
segment,  representing  the  genital  segment  and  abdomen. 
The  anterior  portion  of  the  genital  segment  in  the  female 
is  indistinctly  divided  into  eleven  joints. 

The  cephalo-thorax  attains  its  greatest  width  just 
behind  the  eyes;  be^mnd  that  point  the  sides  converge 
until  they  reach  the  first  thoracic  segment.  The  cephalo- 
thorax  is  produced  anteriorly  into  a broad  blunt  rostrum. 
In  the  very  early  cyclops  stage  (Plate  lY.,  fig.  8),  the 
rostrum  is  further  produced  into  a short  triangular 
filament  which  secures  the  parasite  to  its  host. 
The  eyes  (Plate  Y.,  hg.  3)  are  situated  on  the  dorsal 
surface  a short  distance  behind  the  rostrum.  In  the 

living  animal  they  appear  as  a dark  red  spot  with  a 
crystalline  lens  projecting  slightly  at  each  side.  When 
examined  microscopically  the  structure  is  found  to  be  the 
same  as  that  described  in  LepeojMieirus.  A thin  cornea 
encloses  a spherical  crystalline  lens.  Behind  the  lens  a 
row  of  fairly  large  retinal  cells  is  lined  internally  with  a 
tapetum  layer.  A chitinous  septum  lined  with  deep  red 
pigment  separates  the  two  eyes.  The  appendages  attached 
to  the  cephalo-thorax  are  as  follows : 

The  antennules  are  placed  at  the  posterior  angles  of  the 
lateral  margins  of  the  rostrum.  They  are  short,  and  are 
composed  of  four  nearly  equal  joints  furnished  with  fine 
setse. 

The  antennae  are  composed  of  two  joints.  The  apical 
joint  is  provided  with  a strong  claw  on  its  external  angle. 
The  antennae  usually  project  beyond  the  rostrum,  and  it 
is  by  means  of  these  that  the  attachment  to  the  host  is 
maintained  when  the  filament  is  broken  off. 

The  mandibles  are  not  enclosed  in  the  suctorial  mouth. 
They  are  situated  at  the  base  of  the  lateral  surfaces  of  the 
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conical  tube  of  the  mouth,  and  consist  of  two  parts.  The 
basal  joint  is  cylindrical.  The  second  joint  is  flattened, 
and  terminates  in  a broad  blade,  which  is  serrated  on  the 
inner  margin. 

The  single  pair  of  maxillae  are  placed  at  the  base  of  the 
mandibles.  They  consist  of  two  lobes,  one  of  which  is 
very  small.  The  larger  lobe  has  two  moderately  long 
setae  at  its  apex,  the  smaller  one  has  one  seta. 

The  first  pair  of  maxillipedes  are  placed  immediately 
behind  the  mouth.  They  consist  of  four  joints,  the  last 
joint  being  furnished  with  a strong  claw.  The  basal 
joint  has  two  short  hooks  near  its  apex. 

The  second  pair  of  maxillipedes  in  the  female  are  rudi- 
mentary, and  are  represented  by  a minute  knob.  In  the 
male  they  are  composed  of  two  joints,  the  apical  one  being 
in  the  form  of  a powerful  claw.  It  is  by  the  aid  of  the 
second  maxillipedes  that  the  male  grasps  the  female  . 
during  copulation.  ^ 

The  first  pair  of  swimming  feet  consist  of  a two-jointed  ■ 
protopodite,  an  endopodite  and  an  exopodite,  both  two-  ' 
jointed.  The  apical  joints  of  the  endopodite  and  the  i 
exopodite  are  furnished  with  long  plumose  setse  on  their  . 
inner  margin  and  apex.  This  pair  of  feet  is  attached  to 
the  posterior  end  of  the  cephalo-thorax. 

The  second  pair  of  swimming  feet  is  attached  to  the  ! 
first  free  thoracic  segment,  the  third  pair  to  the  second  ^ 
free  thoracic,  and  the  fourth  pair  to  the  third.  These  I 
fiee  segments  really  represent  the  second,  third  and  j 
fourth  thoracic  segments,  the  first  being  a part  of  the  \ 
cephalo-thorax.  The  second  pair  of  swimming  feet  in 
every  respect  resemble  the  first  pair.  The  protopodites 
of  the  third  and  fourth  pairs  are  two-jointed ; the  endo- 
podites  in  both  pairs  are  absent.  The  exopodites  are 
similar  to  those  of  the  first  and  second  pairs.  The  fifth 
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pair  of  feet  is  represented  bv  minute  papillae.  The  caudal 
st}dets  are  very  short,  and  furnished  with  three  or  foui 
short  plumose  setae  at  the  apex. 

The  external  openings  are  the  mouth,  the  vulvae,  the 
openings  of  the  vasa  deferentia  and  the  anus. 

The  mouth  is  situated  on  the  ventral  surface  of  the 
cephalo-thorax,  at  the  apex  of  a conical  tube,  composed 
of  the  upper  and  lower  lips  fused  together.  In  the  very 
earlv  cyclops  stage  the  lips  are  not  fused.  The  vulvae  and 
openings  of  the  vasa  deferentia  are  placed  at  the  posterioi 
angles  of  the  genital  segment.  The  anus  is  at  the  apex  of 
the  abdomen,  in  the  middle  line.  The  vulvae  open  into 
the  receptacula  seminis,  which  are  in  direct  communi- 
cation with  the  oviducts.  • 

The  whole  of  the  genital  segment  and  abdomen  in  the 
female  is  marked  by  hne  transverse  lines.  The  colour, 
which  is  arranged  in  patches,  varies  from  dark  violet  to 
light  red. 

Alimentaey  Canal. 

In  the  adult  the  mouth  opens  into  the  intestine,  which 
probably  acts  as  the  stomach,  the  oesophagus  and  true 
stomach  having  disappeared  in  the  metamorphosis  of  the 
cephalo-thorax.  The  intestine  is  at  first  narrow  where 
it  passes  through  the  neck,  then  it  widens  considerably  in 
the  swollen  part  of  the  genital  segment,  contracting 
slightly  in  the  abdomen,  and  finally  terminates  in  a short, 
narrow  rectum  leading  to  the  anus  (Plate  Y.,  fig.  4). 
The  intestine  is  lined  with  a single  layer  of  nucleated 
cells.  Attached  to  this  layer,  and  in  some  cases  embedded 
in  it  at  irregular  intervals,  are  large  cells  filled  with  fine 
granular  material.  In  some  parts  these  large  cells  are 
grouped  together  two  and  three  rows  high.  In  other 
parts  they  are  quite  free  (Plate  Y.,  figs.  5 and  6).  The 
layer  supporting  the  nucleated  cells  appears  to  be  com- 
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posed  of  fine  muscle  fibi’es.  There  is  no  chitinous  inner 
lining  as  in  Lepeo])htheirus.  Between  the  basement  layer 
of  the  intestinal  wall  and  the  integument  there  is  a net- 
work of  muscles  passing  in  various  directions.  This 
i issue  represents  the  body-cavity  and  body-wall.  The 
spaces  between  the  muscles  are  filled  with  the  red  blood. 
The  peristaltic  movement  of  the  intestine  is  similar  to  that 
observed  in  Lepeophtheirus. 

In  the  Cyclops  stage  the  inoutli  leads  into  a short, 
narrow  oesophagus  {ce,  Plate  Y.,  fig.  2),  which  passes  into 
the  comparatively  wide  stomach  on  its  ventral  aspect.  The 
stomach  is  lageniform,  with  the  narrow  end  pointing 
posteriorly.  On  the  dorsal  aspect,  at  the  anterior  end,  it 
is  produced  into  a short,  blunt  csecum.  The  narrow  end 
of  the  stomach  connects  with  the  intestine,  a long 
straight  narrow  tube,  greatly  compressed  over  the  region 
of  the  receptaculum  seminis.  The  intestine  terminates 
in  a very  short  rectum  leading  to  the  anus.  The  cells  i 
both  free  and  attached  along  the  wall  of  the  stomach  and  ; 
intestine  are  similar  to  those  in  the  adult.  Sometimes 
the  stomach  is  filled  with  free  cells,  which  are  kept  con-  ? 
stantly  travelling  backward  and  forward  by  the  move- 
ment of  the  intestine.  At  other  times  few  free  cells  can  ■ 
be  seen.  No  trace  of  blood  between  the  alimentary  canal  , 
and  the  integument,  as  found  in  the  adult,  has  been  , 
observed  in  the  young.  | 

No  trace  of  a digestive  gland  could  be  found  in  the  ■ 
adult.  In  the  young  it  is  probably  represented  by  a ■ 
series  of  groups  of  cells  running  along  the  lateral  margins 
of  th  cephalo-thorax  (Plate  Y.,figs.  1 and  3,  l.v.).  A short 
duct  could  be  traced  leading  from  these  groups  into  the 
stomach,  just  posterior  to  its  junction  with  the  oesophagus. 

When  the  alimentary  canal  of  a living  parasite  is 
opened,  and  the  free  cells  are  isolated  and  examined  with 
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a liigli  power,  tliey  are  found  to  be  subsplierical,  granular, 
and  of  various  shades  of  greenish  yellow  colour.  Some 
of  the  cells  exhibit  faint  amoeboid  movement.  It  is  pro- 
bable, therefore,  that  the  digestion  is  intracellular. 

The  food  of  these  parasites  is  undoubtedly  blood  which 
we  find  in  the  alimentary  canal,  but  whether  the  absence 
of  digestive  glands  in  the  adult  accounts  for  its  unchanged 
appearance  has  not  been  ascertained.  In  the  young, 
where  there  is  an  apparent  digestive  gland,  the  contents 
of  the  alimentary  canal  are  not  red. 

Circulation  and  Eespiration. 

There  is  no  heart  or  vascular  system,  and  in  the  adult 
no  movement  of  fluids  could  be  observed  which  would 
indicate  a blood  circulation.  The  animal  is  probably 
dependent  upon  the  blood  sucked  from  its  host  for  the 
supply  of  oxygen  necessary  to  maintain  life.  It  is  there- 
fore possible  that  the  early  death  after  removal  from  the 
fish  is  due  largely  to  the  inability  to  take  up  oxygen  from 
the  water.  The  blood  circulation  could  not  be  satisfac- 
torily traced  in  the  cyclops  stage. 

The  Muscular  System. 

The  muscular  system  in  the  cyclops  stage,  although  not 
so  highly  developed,  is  practically  similar  to  that  of 
Lepeoflitheivus.  In  the  adult  female  it  is  simply  a net- 
work between  the  integument  and  the  alimentary  canal 
forming  a supporting  medium  for  the  latter. 

The  Nervous  System. 

In  the  cyclops  stage  the  central  nervous  system  is  the 
same  as  in  the  adult  Lepeophtheirus.  The  nerves  supply- 
ing the  various  appendages  have  also  the  same  origin  and 
direction  as  described  in  that  type.  The  nerves  marked 
4a,  4b,  and  5a  in  Plate  III.,  fig.  2,  could  not  be  traced. 
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The  nerve  supplying*  the  antennules  has  a similar  branch- 
ing* at  its  termination  to  that  of  Le'peo'phtheirus. 

In  the  adult  Lerncca  no  trace  of  a nervous  system  could 
be  made  out,  and  certainly  if  piesent  at  all  it  is  very  much 
reduced. 

The  Reproductive  Organs. 

The  reproductive  org*ans  of  Lerncea,  like  those  of 
Lepeophtheirus,  are  bilaterally  symmetrical.  In  the 
Cyclops  stage  of  the  female  (Plate  Y.,  fig.  I)  the  ovaries 
(o.)  are  pyriform  organs  lying  on  each  side  of  the 
stomach.  They  are  situated  on  the  ventral  surface  near 
the  posterior  end  of  the  cephalo-thorax.  Each  oviduct 
{od.)  arises  near  the  posterior  end,  and  courses  posteriorly 
as  a narrow  tube.  When  it  enters  the  genital  segment  it 
expands  rapidly,  ending*  in  a large  sac,  the  receptaculuni 
seniiiiis  (s),  communicating  with  the  vulva  {ru.).  Tlie 
oviduct  has  no  distinct  loops,  and  no  cement  gland  is 
found. 

In  the  adult  male  (Plate  lY.,  hg.  5)  the  testes  (t.)  occupy 
the  same  positions  as  the  ovaries  in  the  female.  The  vasa 
deferentia  are  straight,  narrow  tubes  coursing  posteriorly 
and  terminating  in  the  sacs  of  the  spermatophores.  A 
cement  gland  is  present,  as  in  Lepeophtheirus. 

The  ovary  in  the  course  of  the  metamorphosis  under- 
goes great  change  of  position.  It  is  removed  from  the 
cephalo-thorax  into  the  genital  segment.  It  occupies  a 
narrow  region  at  the  apex  of  the  deep  indentation  (Plate 
Y.,  figs.  4 and  5,  o.).  The  two  ovaries  have  also  practically 
fused  together,  no  separation  is  visible  in  transverse  sec- 
tion. The  united  ovaries  are  produced  into  horn-like  pro- 
jections anteriorly  and  posteriorly  (Plate  Y.,  fig.  5).  The 
oviducts  {od.)  arise  near  the  apex  of  the  anterior  horns, 
pass  across  the  segment  to  its  ventral  surface,  and  then 
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course  along  each  side  of  the  median  line  to  the  external 
openings.  Each  cement  gland  (Plate  V.,  tigs.  4,  5 and  T, 
sg.)  is  a long  crystalline  organ  of  nearl}^  the  same  length 
and  breadth  as  the  oviduct,  lying  ventrally  to  it.  The 
anterior  part  terminates  at  the  base  of  the  neck,  in  a blunt 
end.  The  posterior  end  communicates  with  the  oviduct 
just  inside  the  opening  to  the  exterior. 

The  structure  of  the  ovary  of  Lemma  differs  con- 
siderably from  that  of  Lepeo'phtheirus.  In  the  cyclops 
stage  it  consists  of  a mass  of  minute  nucleated  cells.  In 
the  adult  condition  there  are  no  tubules,  and  all  the  eggs 
are  in  close  contact.  The  size  of  the  eggs  in  the  ovary 
of  the  adult  varies  from  IM  to  *08  mm.  They  are  of  the 
same  structure  and  undergo  the  same  changes  in  their 
passage  along  the  oviduct  as  the  eggs  of  Leijeophtheirus 
when  they  enter  the  thoracic  ends  of  the  oviducts.  The 
ovisacs  consist  of  long  slender  tubes  very  much  twisted. 
(Plate  lY.,  fig.  1,  os.).  When  straightened  out  each  tube  is 
often  found  to  attain  the  length  of  seven  or  eight  inches. 
The  eggs  are  arranged  in  a single  column,  and  the  period 
of  incubation  is  of  the  same  duration  as  in  Lepeoplxtlieirus. 
The  death  of  the  parent  or  detachment  of  the  ovisacs  has 
no  effect  on  the  vitality  of  the  embryos. 

Fertilisation  of  the  female  is  effected  during  the  fixed 
period  of  the  cyclops  stage.  The  sperniatophores  are 
attached  to  the  female  in  a similar  manner  to  that 
described  for  Lepeophtheirus.  The  contents  pass  into  the 
receptacula  seminis,  and  the  empty  sacs  fall  away.  They 
are  then  replaced  by  others  in  succession,  until  the  recep- 
tacula are  filled.  Each  fully  charged  receptaculum  repre- 
sents the  contents  of  four  spermatophores  {rep..,  Plate 
IV.,  fig.  4).  At  first  there  is  a distinct  division  between 
each  lot.  but  this  soon  disappears,  and  the  whole  becomes 
one  mass  of  spermatozoa.  From  a lai'ge  number  of 
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females  sectioned  in  various  directions,  the  conclusion  has 
been  arrived  at  that  the  spermatozoa  at  once  pass  up  the 
rudimentaiy  oviduct  to  the  ovary  and  fertilise  the  egg-s. 
This  probably  accounts  for  the  difference  between  tlie 
ovary  of  an  adult  Lerna'a  and  Lepeo'phtheiru.^.  Xo  trace 
of  a receptaculum  seminis  could  be  made  out  in  the  adult. 

Life  History. 

The  development  of  the  embryo  has  not  been  worked 
out  b}"  the  present  author.  An  excellent  work  by  D. 
Pedaschenko*  contains  a full  description  and  figures  of 
the  developing  embryo. 

The  young  Lerncea  hatches  out  as  a nauplius,  with 
three  pairs  of  appendages,  representing  the  rudimentary 
antennules,  anteniiie,  and  mandibles  (Plate  lY.,  fig.  2, 
nat.  size,  ‘45  mm.).  It  then  after  a short  pelagic  life, 
settles  on  the  apex  of  the  gill  filaments  of  the  flounder,  ’ 
to  which  it  adheres  by  a broad  chitinous  filament,  and  • 
passes  into  a cyclopoid  form  (Plate  lY.,  fig.  4).  The  ' 
young  Lerno’a  are  occasionally  found  on  the  gills  of  the 
plaice  and  lumpsucker.  The  parasite,  by  its  attachment  ’ 
to  the  gill  filament,  produces  a marked  change  in  that  ; 
organ.  The  whole  of  the  apex  assumes  a tumid  character, 
and  the  filamentous  plates  on  both  sides  for  some  little  • 
distance  disappear  (Plate  lY.,  figs.  8 and  9).  While  ' 
attached  to  the  gills  the  various  appendages  develop.  The  ] 
male  here  reaches  maturity  (Plate  TV.,  fig.  5),  and  under-  ' 
goes  no  further  change.  In  the  female  a considerable  '1 
lengthening  of  the  genital  segment  accompanies  the  ' 
appearance  of  the  various  appendages.  Fertilisation  next 
takes  place  ; then  the  young  female  severs  its  connection 

* Development  of  the  embryo  and  metamorphoses  of  Lerncea  hranchia- 
lis.  Trav.  Soc.  Imp.  des  Naturalistes  de  St.  Petersbourg,  vol.  xxvi., 
livr.  4,  No.  7,  Sect,  de  Zool.  et  de  Physiologic,  1898.  {In  Russian,  with 
German  resume). 
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with  the  chitinous  filament,  and  leads  a pelagic  life  (Plate 
lY.,  fig.  4.  Nat.  size  2‘o  mm.).  This  condition  is  fre- 
quently found  in  collections  of  plankton,  and  unless  care 
be  taken  may  readily  be  confused  with  iinmatine  stages 
of  allied  forms.  I.  C.  Thompson,  F.L.S.,t  was  the  first  to 
recognise  certain  copepods  taken  in  collections  of  plank- 
ton from  Liverpool  Bay,  &c.,  as  the  young  of  Lemma,  from 
Clans’  figures.  The  presence  of  the  males  of  Lemma  in 
plankton  is  to  some  extent  accidental,  as  only  the  females 
lead  a pelagic  life.  The  males  remain  on  the  gills  aftei 
the  females  have  gone.  The  result  of  the  examination 
of  the  contents  of  a fine  filter,  through  which  the  waste 
water  was  passed  from  the  tanks  containing  flounders  in 
the  Piel  Hatchery,  showed  that  females  were  always  more 
numerous  than  males.  The  ratio,  after  a number  of 
trials,  was  found  to  be  one  male  to  twenty-five  females. 

At  the  conclusion  of  the  pelagic  life  the  young  Lemma 
again  fixes  itself  to  the  gills  of  a fish,  and  the  retrogres- 
sive metamorphosis  commences.  The  parasite  buries  its 
cephalo-thorax  into  the  tissues-  This  region  then 
develops  into  horns,  which  are  situated  one  at  each  side 
and  one  dorsal.  These  pass  out  at  right  angles  to  the 
body  into  the  tissues  of  the  host.  At  first  they  are  simple, 
but  by  gradual  division  in  each  horn  they  acquire  the 
characters  found  in  the  adult  (Plate  V.,  fig.  8).  The 
anterior  part  of  the  segment  curves  over,  taking  up  the 
position  shown  on  Plate  Y.,  fig.  4.  The  eyes,  antennules, 
antennse,  mandibles  and  maxillse  disappear,  leaving  only 
the  first  maxillipedes,  which  are  represented  by  small 
hooks  in  the  adult.  The  free  thoracic  segments  fuse,  but 
the  feet  remain  as  in  the  cyclops  stage.  The  genital 
segment  elongates  until  fully  fifteen  times  the  original 

t Revised  Report  on  L.M.B.C.  Gopepoda.  Trans.  L'pool  Biol.  Soc. 
vol.  vii.,  p.  '212. 
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length.  The  abdomen  only  lengthens  a very  little.  The 
elongation  takes  place  during  the  development  of  the 
horns  and  before  the  eyes  and  the  other  organs  disappear. 
This  condition  is  shown  on  Plate  lY.,  fig.  G ; the  nat. 
size  is  11*4  mm.  The  next  jihase,  represented  on  Plate 
lY.,  fig.  7.  shows  that  the  development  of  the  horns,  the 
disappearance  of  various  appendages,  and  the  great 
lengthening  of  the  genital  segment  is  followed  by  a loop- 
ing of  the  posterior  region  of  the  latter.  This  loop 
gradually  expands,  and  finally  takes  on  the  adult 
condition. 

In  the  metamorphosis  of  the  cephalo-thorax  the  ovaries 
are  thrust  into  the  genital  segment,  and  take  up  a position 
on  the  dorsal  aspect  of  the  posterior  region  of  that  seg- 
ment, in  such  a manner  that  the  more  anteriorly  placed 
portion  of  the  ovary  in  the  adult  is  what  was  the  posterior 
part  in  the  cyclops  stage  (see  Plate  Y.,  figs.  1 and  4). 

The  cyclops  stage  of  LerncEa  was  first  found  in  situ  by  ■ 
Metzger,*  who  published  a short  note  on  the  observations 
made  and  the  conclusions  arrived  at  early  in  1868. 
Clausf  later  on  in  the  same  year,  from  specimens  supplied  ^ 
by  Metzger  and  fresh  material,  confirmed  the  observations  ' 
of  that  Zoologist.  - 

Concluding  Remarks.  i 

In  the  account  set  forth  on  the  above  pages,  it  will  be  | 
seen  that  there  are  remarkable  differences  between  the  ^ 
changes  that  take  place  in  the  life  history  of  the  two  cope-  « 
pods  before  they  reach  maturity.  In  the  one  case 
{Le'peo'phtheirus)  the  life  history  exhibits  a series  of  pro- 
gressive developments.  In  the  other  [Lerncea)^  although 

* Ueber  das  Mannchen  u.  Weibchen  der  Gattmig  Lerncea,  vor  dem 
Eintritt  der  sog.  riickschreitenden  Metamorphose.  Jany.,  1868. 

t Beobacbtnngeii  ueber  Tjenui'ocera,  ]\’uiculus,  uud  Ijcnuea.  1868 
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for  a time  it  advances,  yet  after  a particular  period  has 
arrived  the  remainder  of  its  development  is  retrogressive. 
The  various  appendages  in  each  parasite  are  developed  in 
the  same  order.  In  the  one  they  become  perfected  when 
the  creature  is  fully  developed.  In  the  other,  long  before 
the  animal  has  reached  maturity  some  have  disappeared, 
the  remainder  continue  in  a rudimentary  condition,  and 
it  is  incapable  of  further  movement.  The  internal  organs 
of  both  copepods  are  developed  in  the  same  Avay.  In  one 
they  continue  adA^ancing  until  perfected,  and  the  animal 
is  thus  capable  of  liAung  for  considerable  periods  apart 
from  its  host.  In  the  other,  such  organs  as  the  digestive 
gland,  the  brain  and  nei'A^es,  and  the  blood  system  become 
rudimentary,  if  they  do  not  altogether  disappear.  The 
ovary  loses  its  original  position  and  passes  into  the  genital 
segment.  The  animal  dies  when  removed  from  its  host. 

If  only  the  adults  Avere  known,  it  Avould  practically  be 
impossible  to  recognise  that  such  a form  as  LeriKEa  Avas  in 
any  Avay  related  to  such  a typical  free-swimming  Copepod 
as  Calanus,  and  it  AAmuld  therefore  still  occupy 
an  uncertain  position.  But  when  the  whole  life 
history  of  both  copepods  is  known,  tracing  the  connection 
becomes  comparatiA^ely  easy.  Both  originate  from  a free 
larval  stage  known  as  the  nauplius,  which  has  been 
regarded  as  the  representative  of  a far  back  common 
ancestor.  Both  pass  through  a cyclops  stage.  The 
one  ancestral  cyclops  form,  we  may  suppose,  by  maintain- 
ing a free  swimming  life,  gradually  acquired  more  perfect 
appendages,  and  became  at  last  the  form  now  known  as 
Calanus.  The  other  cyclops  form  by  adopting  a sedentary 
life,  and  depending  on  other  animals  for  its  food,  became 
semi-parasitic  like  many  of  the  ascidian-  and  sponge-fre- 
quenting forms  of  copepoda.  The  transition  from 
Lkhoniolgus-\\\K^  copepods  to  such  forms  as  Bomoldchus 
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and  Ergasiius  l)ecame  simple.  Further  change  in  form 
and  liabit  continued  as  the  various  appendages,  through 
constant  rest,  degenerated.  44ie  animal  became  in  con- 
sequence more  and  more  dependent  on  its  host  for  food. 
Such  changes  extending  over  a long  period  of  time, 
have  apparent^  resulted  in  such  a form  as  Lernaa. 

Some  Zoologists  divide  the  fish  parasites  into  blood- 
suckers and  mucus-eaters,  on  account  of  the  apparent 
presence  or  absence  of  blood  in  the  alimentary  canal.  It 
is  doubtful  if  siich  a division  is  reallv  satisfactory.  The 
probability  is  that  they  are  all  blood-suckers  in  different 
degree,  and  that  the  presence  of  blood  is  only  obvious 
because  certain  organs  ai'e  absent.  Lt^margm  muricatus, 
one  of  the  Caligida%  appears  to  make  excavations  into  the 
skin  of  its  host,  Orthacforucus  mol  a (the  short  sun-fish). 
Several  individuals  are  usually  found  in  each  excavation.* 
Xo  obvious  appearance  of  blood  can  be  observed  even  in 
these  parasites.  ' 

One  or  two  parasites  on  a fish  may  not  be  hurtful,  but  ! 
when  the  numbers  increase  they  probably  have  an  irri- 
tating effect,  and  finally,  when  they  remain  in  one  position  u 
for  some  time,  the  skin  and  tissues  become  lacerated.  ■ 
Consequently  even  such  external  parasites  as  have  been  ; 
regarded  as  harmless  mucus-eaters  may  really  have  an  ; 
injurious  effect  upon  the  fish.  ’ 

There  is  much  opportunity  for  investigating  the  | 
internal  structures  of  the  various  families  of  fish  parasites. 
The  most  of  the  literature  hitherto  published  deals  with  i 
the  external  characters  only. 

The  specimens  necessary  for  the  work  connected  with 
this  memoir  have  been  almost  entirely  collected  from  fish 
caught  in  the  vicinity  of  Piel.  The  author  is  indebted  to 
Mr.  P.  jVewsham,  Jun.,  the  Laboratory  Assistant  at  Piel, 

* A.  Scott.  Trans.  Nat.  Hist.  Soc.,  Glasgow,  vol.  iii.,  part  8,  p.  'iGG.  1892. 
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for  help  in  collecting.  The  important  stage  of  Lemma, 
shown  on  Plate  IV.,  fig.  6,  is  drawn  from  a specimen  sent 
bv  Mr.  T.  Scott,  F.L.S.,  the  author's  father.  It  was 
found  on  the  gills  of  a whiting  caught  in  the  Bay  of  Nigg, 
Aberdeen,  in  1900,  and  was  the  only  one  met  with  in  the 
course  of  these  investigations. 
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Explanation  of  Plates. 
Reference  Letters. 


a.  antennule. 
cu.  antenna. 

lateral  frontal  sucker. 
an.  anus. 

b.  median  frontal  sucker. 
bis.  blood  space. 

c.  filament  duct. 
eg.  filament  gland. 

C7i.  chitin. 

D.  dorsal. 

d.  opening  of  spermatophore. 

e.  eyes. 

/.  filament. 
g.  ganglia. 
gl.  gland 
i.  intestine. 

left  anchor  process, 
median  ,, 
right  , , 

L.  left. 

Id.  duct  of  digestive  gland. 
Ins.  lens. 

Iv.  digestive  gland. 

M.  mouth. 


711.  mandible. 

7iil.  muscle. 

ml.a.  antennule  muscles. 
ml.an.  anal  muscles. 
ml.f.  frontal  muscles. 
ml.i.  intestine  muscles. 
ml.l.  lateral  muscles. 
ml.7n.  mandible  muscles. 
7nl.7nxp.  first  maxillipede 
muscles. 

ml.pit.  posterior  cephalic 
muscles. 

7nl.rt.  rectum  muscles. 
inl.st.  stomach  muscles. 
mx.  first  maxilla. 
inx"^-  second  ,, 
mxj).  first  maxillipede. 
inxp^-  second 
n.  nerves. 

7ic.  nucleus. 

0.  ovary. 
od.  oviduct. 

(X.  oesophagus. 
og.  optic  lobe. 
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om.  muscles  of  the  oviduct. 
95.  ovisacs. 
oi\  ova. 

/F-  first  pair  of  feet, 
p'*-  second 
piii.  third  , , 

fourth  , , 

/?'’•  fifth  , , 

pg.  pigment. 

B.  right. 
r.  rostrum. 

rep.  receptaculum  seminis. 
rt.  rectum. 
rtn.  retina. 
ry.  fin  ray. 

5.  spermatozoa. 
shg.  suboesophageal 
ganglion . 

sf.  sternal  fork. 

sg.  cement  gland. 

5^9.  sperm atophore. 
sjjg.  supra-oesophageal 

ganglion. 
st.  stomach. 
t.  testis. 

V.  ventral. 
va.  vagina. 


vd.  vas  deferens. 
vu.  vulva. 

//.  opening  of  digestive  duct 
into  the  stomach. 

.2.  pore  canals. 

Nos.  1 to  13  nerves,  as 
follows 

1.  optic. 

2.  antennules. 

3.  antennag. 

4.  mandibles. 

4a.  lateral  frontal  margins. 
4h.  first  maxillae. 
o.  second  maxillae. 

5a.  lateral  cephalic  muscles. 

6.  first  maxillipedes. 

7.  second  maxillipedes. 

8.  first  feet. 

8a.  stomach  muscles. 

9.  second  feet. 

9a.  posterior  cephalic 
muscles. 

10.  third  feet. 

11.  fourth  feet. 

12.  abdomen. 

13.  fifth  feet. 


Plate  1. 

Fig.  1.  Lepeophtheirus  pectoralis,  mature  female,  dorsal 
view.  X 17. 

Fig.  2.  Lepeogjhtheirus  pectoralis,  mature  male,  dorsal 
view.  X 17. 

Fig.  3.  Lepeophtheirus  pectoralis,  nauplius  stage,  newly 
hatched,  x 52. 
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Fig.  4. 

Fig.  5. 
Fig.  (i. 
Fig.  7. 

Fig.  1. 
Fig.  2. 

Fig.  4. 
Fig.  4. 
Fig.  5. 
Fig.  6. 
Fig.  7. 
Fig.  8. 

Fig.  9. 
Fig.  10. 


Lepeophiheirus  pectoralis,  “ chalimus  ” stage. 

X 26. 

CaUffds  rapax.  early  chalimus”  stage  attached 
to  tin  ray  of  young  cod,  the  line  d‘  e'  represents 
the  surface  of  the  skin,  x 54-4. 

Caligus  rapax,  “chalimus”  stage,  previous  to 
throwing  off  the  filament  attachment.  On  tail  , 
of  young  lumpsucker.  X 15’24. 

Caligus  rapax,  mature,  part  of  the  frontal  plate 
showing  a lateral  sucker,  x 22. 

Plate  II. 

L e p eoph  fh  eirus  p ecfo  i ■alis . 

Female,  ventral  view,  showing  the  vaiious 
appendages  and  their  muscles.  x 17. 

Female,  dorsal  view,  showing  the  chief  muscles 
and  blood  currents.  The  arrows  indicate  the  i 
course  of  the  blood.  x 17.  i 

Female,  ventral  view,  showing  the  digestive 
gland,  its  duct  and  alimentary  canal.  x 17.  i 
Female,  ventral  view,  showing  the  reproduc-  ' 

tive  organs.  x 17.  ■ 

Male,  ventral  view,  showing  the  reproductive  , 
organs.  x 26.  i 

Genital  segment  and  abdomen  of  an  immature  j 

female,  ventral  view,  showing  vulva  (vu.).  x 40.  ) 
Spermatophores  detached  from  genital  openings  j 
of  a female.,  x 25. 

Mouth  from  the  anterior  base,  with  the 
mandibles  inside,  showing  the  muscles  and 
ducts  of  digestive  gland.  x 25. 

Digestive  gland.  x 77. 

Longitudinal  section  of  the  ovary,  x 50, 
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Fig.  11. 

Fig.  1. 
Fig.  2. 
Fig.  3. 
Fig.  4. 
Fig.  5. 

Fig.  (). 
Fig.  T. 
Fig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  12. 

Fig.  13. 

I 
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Transverse  section  of  pore-canal  at  tlie  base 
of  the  month.  x 350. 


Pl.ate  III. 

Le peophtheinis  'pectoraJis. 

Female,  ventral  view,  showing  the  nervous 
system  in  situ.  x IT. 

The  nervous  system  from  the  ventral  aspect. 
X 38. 

Female,  nearly  median  longitudinal  section. 

X IT. 

One  of  the  antennules,  showing  the  nerve 
endings.  x 76. 

Median  longitudinal  section  of  the  ganglia, 
showing  the  “pinhole”  oesophagus  passing 
through  between  the  supra  and  sub-oesophageal 
parts.  X TT. 

Transverse  section  in  the  region  of  the  eyes. 
X 38. 

Transverse  section  in  the  region  of  the  supra- 
and  sub-oesophageal  ganglia.  x 35. 
Transverse  section  in  the  region  of  the  second 
maxillipedes.  x 30. 

Transverse  section  through  the  genital  segment, 
female,  x 30. 

Transverse  section  through  the  genital  segment, 
male,  x 38. 

Part  of  a transverse  section  of  the  intestine. 

X 76. 

Horizontal  section  of  the  dorsal  aspect  of  the 
supra-oesophageal  ganglion,  showing  the  cross- 
ing of  the  fibres  of  the  optic  nerves.  x 152. 
Transverse  section  of  the  eyes.  x 152. 
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Fig. 

Fig. 


Fig. 


Fig. 

Fig. 


Fig. 


Fig. 

Fig. 


Fig. 

Fig. 

Fig. 

Fig. 


Plate  lY. 

Lerncea  hrancMnlis. 

1.  Mature  female,  from  the  ri^ht  side.  The  line 

f (j’  shows  how  much  of  the  anterior  ])ortioii 
is  buried  in  the  branchial  arch.  x 4'd. 

2.  Nauplius  stage,  newly  hatched.  x 50'8. 

Very  young  female,  unfertilised,  dorsal  view. 

From  gills  of  flounder.  x 51*5. 

4.  Fertilised  female,  dorsal  view.  Just  after 

leaving  the  gills  of  flounder.  x 27* b. 

5.  Mature  male,  dorsal  view.  From  gills  of 

flounder.  x 28*5. 

6.  Fertilised  female,  Penella”  stage,  dorsal  view. 

-Just  after  settling  on  gills  of  Gadus  (whiting). 

X 15*5. 

7.  Later  stage  than  Fig.  b,  from  the  left  side. 

The  folding  has  just  finished.  ?v"^at.  size. 

8.  Apex  of  gill  filament  of  flounder,  showing  mal-  : 

formation  caused  by  the  young  Lerncea.  x 18*b.  ’ 

9.  Apex  of  gill  filament  of  flounder,  normal,  x 18*6.  | 

Plate  V. 

Lerncea  hranchialis. 

1.  Fertilised  female,  ventral  view,  showing  the  ’ 

appendages,  the  reproductive  organs,  and  ] 
nervous  system.  x 47*6.  \ 

2.  Nearly  median  longitudinal  section  of  the  same.  \ 

X 47*6. 

8.  Transverse  section  in  the  region  of  the  eyes. 

X 80. 

4.  Mature  female,  from  the  right  side,  showing 
the  first  maxillipede  and  the  four  pairs  of  feet, 
the  alimentary  canal  and  the  reproductive 
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Dabs. 

Total 

Numbers. 

Dabs. 
Average 
Nunibers 
per  haul. 

Whiting. 

Total 

Numbers. 

Whiting. 
Average 
Numbers 
per  haul. 

127 

32 

69 

17 

3304 

826 

965 

241 

2276 

758 

3850 

1283 

2115 

423 

2480 

496 

241 

241 

53 

53 

536 

268 

130 

65 

426 

213 

18 

9 

531 

265 

165 

82 

746 

186 

266 

66 

2084 

417 

1101 

220 

2379 

595 

524  ' 

131 

2545 

636 

571 

143 

2633 

293 

227 

25 

983 

327 

2160 

720 

10801 

1800 

7493 

1249 

1283 

321 

4014 

1003 

1410 

470 

1561 

520 

0 

0 

0 

0 

306 

102 

237 

79 

1977 

247 

683 

85 

: 2765 

691 

302 

75 

5117 

1023 

9500 

1900 

I 1621 

540 

5272 

1757 

705 

705 

1224 

1224 

1 3003 

1001 

24.34 

811 

i 345 

345 

292 

292 

! 193 

193 

71 

71 

* 546 

273 

258 

129 

626 

313 

741 

370 

498 

249 

294 

147 

1963 

654 

361 

120 

1169 

584 

3534 

1767 

: 981 

981 

1433 

1433 

1 150 

150 

298 

298 

1534 

511 

800 

266 

i 96 

96 

215 

215 

88 

44 

257 

128 

287 

287 

150 

150 

658 

329 

1186 

593 

756 

“1 

756 

252 

252 

\ 1628 

407 

1352 

338 

1678 

559 

1967 

656 

8374 

1196 

9677 

1382 

, 1071 

535 

2676 

1338 

\ 718 

119 

94 

16 

3 

3 

71 

71 

8340  I 

556 

17608 

1174 

982 

491 

654 

327 

829  i 

207 

933 

233 

Table  I. — Abstract  of  the  results  of  Hauls  with  a Shrimp  Trawl  made  on  the  Burho  Bank  Shrimping  Ground 

(Area  A)  during  the  period  1893 — 1899. 


Date. 

Number 

of 

Hauls. 

Total  Nos. 
of 

Fish. 

Average 
Nos 
of  Fish 
per  haul. 

Shrimps. 
Total  Nos. 
of  quarts. 

Shrimps. 
Average  Nos. 
of  quarts 
per  haul. 

Plaice. 

Total 

Numbers. 

Plaice. 
Average 
Numbers 
per  haul. 

Soles. 

Total 

Numbers. 

Soles. 
Average 
' Numbers 
per  haul. 

1 Dabs. 

Total 

Numbers. 

' Dabs. 
Average 
Nunibers 
[ per  haul. 

1 ‘ “ 

Whiting. 
1 Total 
Numhers. 

Whiting. 
Average 
Numbers 
per  haul. 

1893— May 

4 

1005 

251 

IGi 

4 

742 

185 

28 

7 

127 

32 

69 

17 

June 

4 

5948 

1489 

38 

9.^ 

18G8 

467 

48 

12 

3304 

826 

965 

i 241 

August  ... 

3 

81G5 

2722 

G1 

20| 

1810 

603 

109 

36 

2276 

758 

3850 

1283 

September 

5 

19593 

3919 

78 

15-G 

14548 

2910 

173 

35 

2115 

423 

2480 

496 

October  ... 

1 

GG2 

GG2 

0-125 

0-125 

280 

280 

2 

2 

241 

241 

53 

53 

November 

2 

8GG 

433 

2-25 

1-125 

170 

85 

2 

1 

. 536 

268 

130 

65 

December 

2 

G21 

310 

10 

5 

1G2 

81 

0 

0 

1 426 

213 

18 

9 

1894 — January  ... 

2 

1235 

G17 

14 

7 

492 

‘ 246 

15 

7-5 

531 

265 

1 165 

82 

February 

4 

1792 

448 

IG 

4 

G99 

175 

20 

5 

746 

f 186 

i 266 

66 

]\Iarch 

5 

5237 

1047 

48 

9-G 

1474 

295 

301 

60 

2084 

417 

1101 

220 

April 

4 

3922 

■ 980 

30-5 

7-6 

10G7 

267 

83 

21 

2379 

595 

' 524  ■ 

131 

May  ... 

4 

537G 

1344 

2G-75 

G-7 

2010 

502 

82 

20-5 

2545 

636 

571 

143 

June 

9 

G599 

733 

7G‘5 

8-5 

2932 

326 

318 

35 

2633 

293 

227 

25 

July  ... 

3 

3838 

1279 

24-5 

8-1 

4G1 

153 

69 

23 

983 

327 

2160 

720 

August  ... 

G 

21913 

3G52 

G2-5 

10-4 

3329 

555 

95 

16 

10801 

I 1800 

7493 

1249 

September 

4 

8111 

2028 

133 

33-2 

2283 

571 

39 

9 

1283 

1 321 

i 4014 

1003 

October  ... 

3 

3G82 

1227 

130 

43-3 

680 

226 

28 

9 

1410 

470 

1561 

520 

1895 — March  ... 

2 

53 

2G 

0-5 

0-25 

40 

20 

0 

0 

0 

0 

0 

April 

3 

734 

245 

18 

6 

170 

56 

4 

1-3 

306 

102 

‘ 237 

79 

l\Iay 

8 

3G71 

459 

102-5 

13 

571 

71 

158 

20 

1977 

247 

683 

85 

June 

4 

3575 

894 

50 

12-5 

272 

68 

29 

7 

2765 

691 

302 

75 

July  ... 

5 j 

19245 

3849 

13G 

27 

3104 

621 

129 

26 

5117 

1023 

9500 

1900 

August  ... 

3 ! 

8750 

291G 

22 

7-3 

982 

327 

63 

21 

1621 

540 

5272 

1757 

September 

1 1 

4404 

4404 

7 

7 

2315 

2315 

5 

5 

705 

’ 705 

1224 

1224 

October  ... 

3 

8897 

29G5 

25-5 

8-5 

1747 

582 

0 

0 

3003 

1001 

2434 

811 

November 

1 ‘ 

1000 

1000 

9 

9 

284 

284 

0 

0 

345 

1 345 

292 

292 

December 

1 

385 

385 

G 

6 

62 

62 

0 

0 

193 

193 

71 

71 

189G— IMarcb  ... 

2 

1911 

955 

12 

6 

954 

477 

5 

2-5 

546 

273 

258 

129 

April 

i 

2819 

1409 

5 

2-5 

1258 

629 

13 

6-5 

626 

313 

741 

370 

IMay 

2 1 

1481 

740 

10-5 

5-25 

649 

324 

5 

2-5 

498 

249 

294 

147 

June 

3 i 

4199 

1399 

13 

4-3 

1703 

568 

29 

10 

1963 

654 

361 

120 

July 

1 

G9i)G 

3498 

8-5 

4-25 

2219 

1109 

49 

25 

1169 

584 

3534 

1767 

August  ... 

1 

2G08 

2G08 

0-75 

0-75 

20G 

206 

1 

1 

981 

981 

14.33 

14.33 

September 

1 

723 

723 

8 

8 

120 

120 

57 

57 

150 

150 

298 

298 

October  ... 

3 

2920 

973 

92 

30-6 

397 

132 

128 

43 

1534 

511 

800 

266 

1897 — February 

1 1 

44G 

44G 

1-5 

1-5 

94 

94 

34 

34 

96  i 

96  1 

215 

215 

April 

2 1 

490 

245 

2-5 

1-25 

190 

95 

66 

33 

88 

44  1 

257 

128 

August  ... 

1 1 

1913 

1913 

2-5 

2-5 

1278 

1278 

197 

197 

287 

287 

150 

1.50 

September 

2591 

1295 

5-5 

2-75 

685 

342 

62 

31 

658 

329 

1186 

593 

October  ... 

1 

1228 

1228 

7 

7 

111 

111 

58  ^ 

58 

756 

756 

252 

252 

1898— July 

4 

54G4 

13GG 

41 

10-2 

1175 

294 

1060 

265 

1628 

407 

1352 

338 

August  . . . 

3 

422G 

1409 

IG 

5-3 

166 

55 

341 

114 

1678  i 

559 

1967 

656 

September 

7 

20330 

2904 

57-5 

8-2 

1316 

188 

979 

140 

8374  I 

1196 

9677 

1.382 

October  ... 

2 

4G8G 

2343 

7 

3-5 

625 

312 

254 

127 

1071 

535 

2676 

13.38 

1899 — June 

G 

1308 

218 

GO 

10 

112 

18 

223 

37 

718 

119 

94 

16 

July 

1 

201 

201 

7 

7 

30 

30 

43 

43 

3 ’ 

3 

71 

71 

August  ... 

, 15 

31718 

2114 

292 

20 

2951 

197 

2361 

158 

8340 

556 

17608  ' 

1174 

September 

2 

2133 

lOGG 

39 

19-5 

I 190 

95 

209 

104 

982 

491 

654 

327 

October  ... 

, 4 

1 1237 

309 

23 

5-7 

1 79 

20 

236 

59 

829 

207 

933 

2.33 

rse,  Eock,  Queen’s  and  Crosby 


A 

A 

S( 

0 

N 

D 


Ji 

F 

A 

]\( 

J 

J 

A 

r 


J: 

]\: 

A 

A 

J 

S 

0 

IS 


J 

F 

J 


A 

A 


J 

J 

8 

A 

I 


J 

A 

S 

0 


Dabs. 

Total 

number. 

Dabs. 
Average 
No.  per 
haul. 

Whiting. 

Total 

number. 

Whiting. 
Average 
No.  per 
haul. 

196 

39 

385 

77 

9 

9 

6 

6 

0 

0 

6292 

2097 

20 

20 

28 

28 

855 

171 

966 

193 

454 

227 

158 

79 

1136 

284 

76 

19 

1280 

116 

214 

19 

7 

7 

0 

0 

161 

161 

0 

0 

17 

5 

61 

20 

10 

10 

5 

5 

140 

140 

156 

156 

58 

58 

10 

10 

164 

164 

22 

22 

427 

213 

28 

14 

0 

0 

0 

0 Flounders 

238 

119 

102 

51  and  Cod 

66 

22 

292 

97  only. 

3155 

1577 

17 

8 

67 

67 

135 

135 

338 

338 

211 

211 

2767 

1383 

389 

389 

1331 

665 

28 

14 

147 

147 

29 

29 

1 

1 

9 

9 

23 

23 

14 

14 

14 

14 

0 

0 

820 

410 

23 

11 

40 

20 

19 

9 

100 

100 

220 

220 

1106 

553 

143 

71 

140 

140 

20 

20 

18 

18 

1 

1 

2782 

695 

466 

116 

1636 

234 

733 

105 

705 

176 

15 

4 

Table  II. — Abstract  of  the  results  of  Hauls  with  a Shrimp  Trawl  made  in  the  Horse,  Rock,  Queen’s  and  Croshy 

Channels  (Area  B)  during  the  period  1893 — 1899. 


Date. 

No.  of 
Hauls. 

Total  No. 
of  Fish. 

Average 
No.  of  Fish 
per  haul. 

Shrimps. 
Total  No. 
of  quarts. 

Shrimps. 
Average  No. 
of  quarts 
per  haul. 

Plaice. 

Total 

numbers. 

Plaice. 
Average 
No.  per 
haul. 

Soles 

Total 

number. 

Soles 
Average 
No.  per 
haul 

Dabs. 

Total 

number. 

Dabs. 
Average 
No.  per 
haul. 

' Whiting. 

Total 
, number. 

Whiting. 
1 Average 
; No.  per 
j haul. 

1893. 

April  

5 

1019 

204 

13 

2-6 

378 

76 

22 

4-4 

196 

39 

385 

77 

I^Iay 

1 

312 

312 

0-5 

0-5 

283 

283 

14 

14 

9 

9 

6 

6 

August  

3 

7065 

2355 

43 

14 

13 

4 

14 

4 

0 

0 

6292 

2097 

September 

1 

425 

425 

7 

7 

321 

321 

29 

29 

20 

20 

28 

28 

October 

5 

3739 

748 

36 

7 

1846 

369 

22 

4 

855 

171 

966 

193 

November  

2 

1054 

527 

8 

4 

843 

421 

2 

1 

454 

227 

158 

79 

December  

4 

2933 

733 

1-75 

0-5 

1591 

398 

0 

0 

11.36 

284 

76 

19 

1894. 

.Jauuarv 

11 

5310 

483 

45 

4 

3400 

310 

0 

I 

0 

1280 

116 

214 

19 

February  

1 

669 

669 

0-125 

0-125 

530 

530 

0 

0 

7 

7 

0 

0 

March 

1 

647 

647 

0-125 

0-125 

284 

284 

0 

0 

161 

161 

0 

0 

May 

3 

430 

143 

12 

4 

166 

55 

109 

36 

17 

5 

61 

20 

June  

1 

257 

257 

4-25 

4-25 

212 

212 

15 

15 

10 

10 

5 

5 

July 

1 

753 

753 

13 

13 

367 

367 

55 

55 

140 

140 

156 

156 

August  

1 

132 

132 

6-5 

6-5 

61 

61 

3 

3 

58 

58 

10 

10 

December  

394 

394 

6 

6 

201 

201 

0 

0 

164 

164 

22 

22 

1895. 

January  

2 

1141 

570 

1-5 

0-75 

328 

164 

0 

0 

427 

213 

28 

14 

March 

1 

12 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 Flounders 

April  

2 

758 

379 

15 

7-5 

62 

31 

0 

0 

238 

119 

102 

51  and  Cod 

May 

3 

399 

133 

10-5 

3-5 

26 

8 

2 

0-6 

66 

22 

292 

97  only. 

June  

2 

3946 

1973 

12 

6 

674 

337 

87 

43 

3155 

1577 

17 

8 

September 

1 

466 

466  ‘ 

2 

2 

166 

166 

11 

11 

67 

67 

135 

135 

October  

1 

666 

666 

22 

22 

52 

52 

0 

0 

338 

338 

211 

211 

November  

2 

4591 

2295 

8 

: 4 

1135 

567 

0 

0 

2767 

1383 

389 

389 

1896. 

January  

2 

3830 

1915 

1 

0-5 

2393 

1196 

0 

0 

1331 

665 

28 

14 

February  

1 

591 

591 

0-5 

0-5 

365 

365 

0 1 

0 

147 

147 

29 

29 

June  

1 

17 

17 

4 

4 

6 

6 

0 1 

0 

1 

1 

9 

9 

1897. 

]\Iarch 

1 

213 

213 

1 

1 

129 

129 

34 

34 

23 

23 

14 

14 

April  

1 1 

243 

243 

0-5 

0-5 

158 

158 

50 

50 

14 

14 

0 

0 

1898. 

January  

2 

2749 

1.374 

11 

5-5 

1772 

886 

99 

50 

820 

410 

23 

11 

July 

2 

1344 

672 

8 

4 

933 

466 

352 

176 

40 

20 

19 

9 

September 

1 

417 

417 

18 

18 

18 

18 

108 

108 

100 

100 

220 

220 

November  

2 

2350 

1175 

60 

30 

410 

205 

628 

314 

1106 

553 

143 

71 

December  

1 

724 

724 

16 

16 

174 

174 

240 

240 

140 

140 

20 

20 

1899. 

June  

1 

167 

167 

2 

2 

62 

62 

95 

95 

18 

18 

1 

1 

August  

4 

3851 

963 

106-5 

26-6 

413 

103 

84 

21 

2782 

695 

466 

116 

September 

7 

2977 

425 

198 

28 

622 

89 

258 

37 

1636 

2.34 

733 

105 

October  

4 

1100 

275 

202 

50 

266 

66 

44 

11 

705 

176 

15 

4 
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Table  V. — Showing  the  ratio  of  Immature  Fishes  to 
Shrimps  in  the  average  monthly  catches  (Tables  HI. 
and  IV.)  taken  on  the  Mersey  Shrimping  Grounds 


Months. 

1893-1899. 

Area  A. 

Area  B. 

Soles. 
per  Qt. 
Shrimps 

Plaice. 
per  Qt. 
Shrimps 

Whiting. 
per  Qt. 
Shrimps. 

Soles. 
per  Qt. 
Shrimps 

Plaice. 
per  Qt. 
Shrimps. 

Whiting. 
per  Qt. 
Shrimps. 

January 

February 

March  

April  

May  

June  

July  

August 

September  . . 

October 

November  .. 
December  .. 

1-1 

3-1 

5- 1 

3- 0 

1- 7 

2- 7 

6- 2 
6-9 

4- 6 
2-4 
0-2 
0 

1 

35-1 

45-3 

40-8 

47-9 

25-5 

29 

32-2 

23-5 

65-4 

13-8 

40-4 

14 

11-8 
27-5 
22-4 
31-4 
1 10-3 

! 8-2 

i 71-9 
82-7 
59-5 
34-1 
37-6 
5 

1- 7 
0 

30-2 

2- 5 
5-4 
4-7 

19-3 

0-6 

1-8 

0-3 

8-3 

10-0 

134-9 

1432 

367 

20-9 

20-7 

22-6 

61-9 

3-1 

5 

8-3 

31-4 

81-9 

5 

48-3 

12-7 

17-1 

13 

0-8 

8-3 

43-7 

5 

4-6 

9 

Table  VI.— Shewing  the  Average  Hauls  made  with  a 
’ Shrimp  Trawl  during  the  3rd  quarters  of  the  years  1893— 
) 1899  on  the  Burho  Bank  Shrimping  Ground  (Area  A)  : — 


DaAe. 

^ 1 

No.  of 
hauls. 

Shrimps. 

Total 

Quarts. 

Shrimps. 
Av.  Quarts. 

Plaice. 

Total. 

Plaice. 

Average. 

Soles. 

Total. 

Soles. 

Average. 

Dabs. 

Total. 

Dabs. 

Average. 

Whiting, 
j Total. 

1 Whiting. 
1 Average. 

— 1 
1893 — 3rd  quarter . . . | 

1 8 

139 

17 

16358 

2045 

282 

35 

4391 

549 

6330 

791 

[894 — 3rd  quarter. . . 

13 

220 

17 

6073 

467 

203 

16 

13067 

1005 

13667 

1051 

1895— 3rd  quarter... 

9 

165 

18 

6401 

711 

197 

22 

7443 

827 

15996 

1777 

1896 — 3rd  quarter . . . 

4 

17-25 

4-3 

2545 

636 

107 

27 

2300 

575 

5265 

1316 

1897 — 3rd  quarter. . . 

3 

8 

2-6 

1963 

654 

259 

86 

945 

315 

1336 

i 445 

1898  - 3rd  quarter . . . 

14 

114-5 

8 

2657 

190 

2380 

170 

11680 

834 

12996 

928 

1899— 3rd  quarter... 

18 

338 

19 

3171 

176261S 

1 

145 

9325 

518 

18333 

1018 
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SEA-FISHERTES  LABORATORY.  ‘241 

organs.  The  specimen  was  cleared  in  xylol, 
and  the  right  anchor  process  removed.  x 4. 
Fig.  5.  Transverse  section  through  a /3,  ^Fig.  4,) 
showing  the  muscular  wall,  the  ovary, 
oviduct,  cement  gland,  and  intestine.  x 9. 
Fig.  6.  Transverse  section  through  .r  /5,  (Fig.  4,)  just 
anterior  to  the  rectum.  X 20. 

7.  Portion  of  the  cement  gland.  x 20. 

8.  Front  view  of  the  anchor  processes  of  an  adult 
female.  x 4. 
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No.  VII.  LINEUS. 

BY 

R.  C.  PUNNETT,  B.A. 


Introduction. 

Since  the  time  when  it  was  first  noticed  by  Pallas,  in 
ITGG,  as  “ alia  Lnmbrici  species  marini  tota  atra,”  the 
Nemertean  now  known  as  Linens  gesserensis  (which  we 
choose  as  our  type)  has  been  the  recipient  of  no  less  than 
10  generic  and  14  specific  names  associated  together  in 
various  permutations  and  combinations.  Our  knowledge, 
of  the  habits  and  anatomy  of  the  worm  are  chiefly  due  toj 
*M’Intosh,  Bnrrois,  Hubrecht,  Oudemans,  and  Mont-^ 
gomery.  Varying  in  size  from  about  G-20  cm.,  it  is  onet 
of  the  commonest  Nemerteans  of  our  shores,  occurring 
abundantly,  and  frequently  in  tangled  masses,  under 
stones  between  tidemarks  and  in  the  laminarian  region., 

* M’Intosh,  W.  C.— British  Annelids,  The  Nemerteans,  London,  1873.  ( 

Barrois,  J. — Embryologie  des  Neinertes,  Annales  des  Sciences  Naturelles,| 
Paris,  1877. 

Hnbrecht,  A.  A.  W.— Contributions  to  the  Embryology  of  the  Nemertea,| 
Quart.  Journ.  of  Mic.  Sc.  1886.  _ • 

Oudemans,  A.  C.— The  Circulatory  and  Nephridial  apparatus  of  the 
Nemertea.  Quart.  Journ.  Mic.  Sc.  Supplement,  1885. 
^Tontgomerv,  T.  H. — On  the  Connective  Tissues  and  Body  Cavities  of  the 
Nemerteans.  Zoolog.  Jahr.  1897. 

Studies  on  the  elements  of  the  Central  nervous 
system  of  the  Heteronemertini.  Journal  of  Morpho- 
logy. 1897. 


LINEUS. 
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Its  geographical  range  is  extensive,  since  it  occurs  on  the 
shores  of  both  sides  of  the  North  Atlantic,  extending  from 
Greenland  in  the  North  to  Madeira  on  the  one  side  and 
Florida  on  the  other.  It  also  occurs,  though  not  com- 
monly, in  the  Mediterranean. 

Two  very  distinct  colour  varieties  are  to  be  met  with, 
viz.,  reddish  brown  and  olive  green — the  latter  being  the 
more  common.  Specimens  intermediate  between  these 
two  are  also  frequent.  The  colour  is  more  pronounced  in 
front,  and  is  darker  on  the  dorsal  surface  than  on  the 
ventral.  The  snout  and  mouth  are  bordered  by  pale 
margins.  On  the  head  a reddish  patch  marks  the  position 
of  the  brain,  and  a bright  red  colouration  is  also  found  in 
the  head  slits  which  is  said  to  be  due  to  the  presence  of 
haemoglobin.  On  the  snout  in  front  of  the  brain  occur 
the  deeply  pigmented  eyes  usually  varying  from  3 to  G in 
number  on  each  side,  though  more  may  be  present  on  one 
side  than  on  the  other. 

Of  the  many  openings  on  the  body  two  may  be  readily 
seen — the  proboscis  pore  at  the  tip  of  the  head,  and  the 
mouth  on  the  ventral  surface  just  behind  the  brain.  The 
anus  is  small  and  terminal.  Of  the  other  openings  the 
lateral  nephridial  pores  in  the  oesophageal  region  can  only 
be  made  out  in  sections,  whilst  the  numerous  generative 
pores  are  at  certain  seasons  visible  under  a lens  as  a row 
of  white  dots  on  either  side  in  the  intestinal  region. 

For  what  is  known  of  the  habits  of  the  worm  we  are 
chiefly  indebted  to  M’Intosh,  who  kept  them  in  captivity. 
He  states  (in  the  work  above  cited)  that  ^^Lineus  gesserensis 
“ progresses  in  an  easy,  graceful  manner,  with  slight 
“ undulatory  motions  of  the  head,  its  body  being  marked 
“ by  successive  contractile  waves,  which  proceed  from 
“ before  backwards.  The  specimens  frequently  herd 
“ together  in  the  water,  which  they  are  prone  to  leave,  and 
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remain  attached  to  the  side  of  the  glass  a considerable 
“ time.  They  are  very  easily  kept  in  confinement  for 
“years;  but,  as  with  many  of  their  allies,  great  diminn- 
“ tion  of  hulk  occurs,  from  deprivation  of  the  natural 
“supply  of  food.  When  recently  captured  specimens  are 
“placed  in  a jar  containing  injured  Annelida,  numerous 
“ fiecal  masses,  consisting  of  the  bristles  of  Nereis  pekujica, 

“ and  other  annelids  and  digested  matter,  are  found  lying 
“ on  the  bottom  of  the  vessel,  showing  how  greedily  they 
“ have  fed ; a fact,  indeed,  very  easily  ascertained  by 
“ actual  observation.  It  is  also  frequently  noticed  that 
“ specimens  confined  in  vessels  along  with  the  deep  gieen 
“ Eulalia  viridis  assume  a similar  hue,  probably  from 
“ feeding  on  the  rejected  debris  of  those  animals,  if  not 
“upon  tlie  latter  themselves.  In  their  native  haunts  the 
“ stones  under  which  they  lie  are  often  placed  on  dark, 
“muddy,  and  highly  odoriferous  sand  or  gravel,  and  the 
“ water  cannot  be  otherwise  than  brackish  at  the  estuary 
“ of  a river.” 

BODY  WALL  AND  MUSCULAR  SYSTEM. 

The  outside  of  the  animal  is  completely  covered  with 
cilia,  which  are  borne  by  long  slender  cells  (PI.  II.,  fig-  o), 
widest  externally  where  they  carry  the  cilia,  and  narrow- 
ing to  a very  fine  process  which  is  somewhat  branched, 
and  is  inserted  into  the  basement  membrane.  They  con-' 
tain  small  elongated  nuclei  in  the  more  external  portion. 
The  larger  and  more  rounded  nuclei  found  in  the 
epidermis  are  for  the  most  part  connected  with  the  large 
greenish  unicellular  gland  cells  occurring  all  over  the 
skin.  These  last  stain  vividly  with  picric  acid  or  with 
eosin,  and  it  is  probably  their  contents  which  give  the 
skin  its  markedly  acid  reaction.  These  two  forms  of  ceil 
constitute  the  main  mass  of  the  epithelium,  though  it  is 
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possible  that  careful  histological  work  may  demonstrate 
the  presence  of  ciliated  cells  modified  to  form  sense  cells 
somewhat  resembling  the  rods  of  the  vertebrate  eye. 

The  basement  membrane  is  structureless,  and  is  com- 
posed of  the  intercellular  substance  around  connective 
tissue  cells.  It  takes  a deep  stain  with  hsematoxylm  or 
nigrosin,  though  it  is  apparently  unaffected  by  the  carmine 
dves.  Beneath  the  basement  membrane  is  found  a thin 
layer  of  fine  circular  muscle  fibrils,  and  underneath  those 
again  a diffuse  layer  of  small  glands,  each  composed  of 
several  cells.  The  secretion  of  these  cutis  glands  stains 
deeply  with  carmine  or  hsematoxylin,  and  by  it  the  minute 
ducts  of  the  glands  may  be  traced  to  their  external  open- 
ings. Mixed  up  with  the  cutis  glaftds  are  numbers  of 
connective  tissue  cells  of  a peculiar  form  containing  pig- 
ment.  These  will  be  referred  to  later  among  the  connec- 
tive tissues.  Around  the  cutis  glands  are  also  found  the 
most  external  fibres  of  the  external  longitudinal  muscle 
layer.  The  fibres  are  separated  into  a number  of  small 
bundles  by  the  connective  tissue,  a structureless  invest- 
ment exhibiting  the  same  staining  affinities  as  the  base- 
ment membrane,  with  which  it  is  probably  identical  as 
regards  composition. 

Separating  the  outer  longitudinal  and  the  ciiculai 
muscle  layers  (PI.  II.,  figs.  I ^-iid  2,  PI.  III.,  fig.  b) 
is  a tunic  of  nervous  tissue,  consisting  of  fibrils  given 
off  from  the  lateral  nerve  cords,  which  also  lie  between 
the  same  two  muscle  layers.  The  circular  muscle  layer  is  on 
the  whole  not  so  thick  as  the  outer  longitudinal  layer,  and 
of  about  the  same  thickness  as  the  inner  longitudinal 
layer  which  it  immediately  invests.  Towards  the  posterior 
portion  of  the  body  the  outer  longitudinal  muscle  layer 
becomes  greatly  diminished,  whilst  the  internal  longi- 
tudinal layer  here  surpasses  the  circular  layer  in  thickness. 
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A thin  layer  of  dorso-ventral  muscles  (PI.  III.,  figs.  G and 
8)  is  found  running  along  each  side  of  an  intestinal 
diverticulum.  In  some  Lineidse  a horizontal  muscle  layer 
runs  between  the  proboscis  sheath  and  (esophagus  in  the 
mouth  region,  but  this  layer  does  not  occur  in  the  present 
species.  The  muscle  fibres  in  the  head  are  continuous 
with  the  outer  longitudinal  layer.  The  inner  longitudinal 
and  circular  layers  of  the  trunk  are  not  continued 
anteriorly  beyond  the  brain.  In  the  head,  however,  are 
developed  an  inner  layer  of  longitudinal  and  an  outer 
layer  of  circular  fibres  round  the  rhynchodseum  and 
cephalic  blood  lacunae  (PI.  I.,  fig.  2). 

PROBOSCIS  AND  PROBOSCIS  SHEATH. 

The  remaining  portion  of  the  muscular  system  is  that 
in  connection  with  the  proboscis  and  its  sheath.  These 
two  structures  commence  at  the  anterior  level  of  the  brain, 
and  their  relations  to  one  another  and  to  the  rhyncho-  ‘ 
daeum  may  best  be  gathered  from  a reference  to  PI.  II.,  j 
fig.  7.  The  proboscis  sheath  consists  of  a layer  of  longi- 
tudinal muscle  fibres,  surrounded  externally  by  a layer  of  ? 
circular  ones,  and  internally  invested  by  the  flattened 
epithelium  of  its  contained  cavity,  the  rhynchocoelom.  . 
In  its  retracted  state  the  proboscis  lies  in  the  last-named  , 
cavity,  and  its  outer  surface  is  covered  by  the  rhyncho-  , 
coelomic  epithelium.  | 

The  internal  surface  of  the  proboscis  {i.e.,  in  the  | 
retracted  state)  is  lined  by  the  high  glandular  probosci-  j 
dial  epithelium,  which  is  of  ectodermal  origin,  and  is 
continuous  with  the  epithelium  lining  the  rhyncho- 
dseum.  In  other  words,  the  cavities  of  the  retracted 
proboscis  and  the  rhynchodseum  are  one  and  the  same, 
whilst  that  of  the  rhynchocoeloni  is  entirely  closed 
and  separated  from  the  rhynchodseum  by  the  attachment 
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of  the  proboscis.  When,  as  sometimes  happens,  the 
proboscis  is  violently  extruded  and  broken  off  at  its  attach- 
ment the  rhyiichocoelom  and  rhynchodsenm  form  a con- 
tinuous cavity  until  the  proboscis  is  regenerated.  The 
rhynchocoelom  contains  a colourless  corpusculated  fluid. 

At  its  commencement  between  the  rhynchocoelom  and 
rhynchodseum  the  proboscis  consists  of  a layer  of  longi- 
tudinal muscle  fibres  covered  externally  by  rhynchoc(c- 
lomic  and  internally  by  proboscidial  epithelium  (Tl.  I., 
fig.  4,  2^')'  Just  beneath  the  last  layer  are  the  two  probos- 
cidial nerves.  Further  back  the  proboscis  becomes  con- 
siderably thicker,  and  a layer  of  circular  muscles  makes 
its  appearance  between  the  longitudinal  muscles  and  the 
proboscidial  epithelium.  From  this  circular  layer  at  two 
opposite  poles,  as  seen  in  transverse  section,  fibres  pass 
through  the  longitudinal  layer  to  the  basement  membrane 
just  beneath  the  rhynchocoelomic  epithelium,  crossing  one 
another  in  two  directions  (PI.  II.,  fig.  6,  mcr.).  In  this 
way  are  formed  the  so-called  muscle  crosses  characteristic 
of  the  Lineid  proboscis.  The  crossing  is  more  apparent 
on  one  side  than  on  the  other.  In  this  region  also  the 
proboscidial  epithelium  is  thrown  up  into  papillae,  and  is 
highly  glandular,  whilst  just  beneath  it  there  is  a com- 
plete investing  nervous  layer  which  has  been  formed  from 
the  two  proboscidial  nerves.  Still  further  back  (PI.  II., 
fig.  5),  the  nervous  layer  and  the  circular  muscles 
disappear,  so  that,  except  for  the  absence  of  the  two  pro- 
boscidial nerves,  the  appearance  of  a section  taken  in  this 
region  is  somewhat  similar  to  that  of  one  taken  near  the 
attachment  of  the  organ  {cf PI.  I.,  fig-  d). 

The  proboscis  is  attached  by  its  hinder  end  to  the  dorsal 
wall  of  the  proboscis  sheath  about  one-third  of  the  length 
of  the  animal  from  the  anterior  end.  This  is  effected  by 
the  longitudinal  muscles  of  the  proboscis  being  continued 
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beyond  the  proboscidial  epithelium  and  its  contained 
cavity,  and  fusing  with  the  muscles  of  the  proboscis 
sheath.  The  muscular  slip  so  formed  has  been  termed 
the  retractor  muscle  of  the  proboscis,  though  it  is  doubt- 
ful whether  it  exercises  the  function  which  its  name 
implies.  Not  only  does  it  appear  too  slender  to  exert  the 
necessary  force,  but  the  distance  between  its  point  of 
attachment  to  the  proboscis  sheath  and  the  proboscis  pore 
is  considerably  less  than  Ihe  length  of  the  proboscis. 
Such  considerations,  (“oupled  with  the  fact  that  in  some 
neai-ly  allied  species  no  reti-actor  muscle  is  present, 
would  seem  to  indicate  that,  whilst  expulsion  is  due  to 
pressure  exerted  on  the  rhynchoccelomic  fluid  bv  the 
circular  muscles  of  the  proboscis  sheath  or  of  the  body 
wall,  retraction  is  probably  accomplished  by  a peristaltic 
movement  of  the  proboscis  itself.  Such  a form  of  move- 
ment may  be  observed  in  the  isolated  proboscis,  and  once 
gave  rise  to  the  view  that  these  worms  were  viviparous — ’ 
the  extruded  and  broken-olf  organ  being  mistaken  for  a; 
young  worm  just  born.  , 

f 

THE  ALIMENTARY  CANAL. 

The  mouth  in  the  living  and  active  animal  is  an' 
elongated  slit  on  the  ventral  surface  just  behind  the  brain.; 
AVhen  widely  open  under  the  influence  of  a narcotic  it> 
becomes  circular  in  outline,  and  surrounded  by  a pronii-| 
nent  and  somewhat  rugose  lip.  In  life  apparently  one  of; 
its  functions  is  to  act  as  a sucker,  since,  when  the  animal  ^ 
is  forcibly  removed  from  the  surface  on  which  it  rests  by 
a current  of  water  from  a pipette,  the  mouth  area  retains 
its  attachment  more  vigorously  than  the  rest  of  the  body. 

The  oesophagus,  into  which  the  mouth  leads,  is  thrown 
into  a number  of  longitudinal  furrows,  which  largely 
increase  its  surface  (PI.  II.,  figs.  I and  2).  It  has  been' 
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suggested  that  this  arrangement  may  subserve  the  purpose 
of  respiration,  and  the  vascular  network  which  surrounds 
this  region  of  the  alimentarY  canal  (PI.  II.,  fig.  2,  oesL), 
lends  some  support  to  sucli  a view. 

llistolog’ically  the  cesophagus,  like  the  rest  of  the 
•alimentary  tract,  is  lined  by  ciliated  epithelium. 
S({ueezed  in  among  the  ciliated  cells  (PI.  IV., 

fig.  d)  is  a number  of  large  unicellular  gland 
ceils,  among  which  two,  or  possibly  three,  types 
may  be  distinguished.  After  staining  with  borax  carmine, 
followed  by  picro-nigrosin,  many  of  these  gland  cells  (PI. 
IV.,  fig.  3,  /S)  take  a yellow  stain.  They  appear  to  be  full 
of  large  coarse  granules.  Others  similarly  granulated, 
though  much  less  numerous,  shew  an  intense  crimson 
colouration  (PI.  IV.,  fig.  3,  ^).  Except  for  the  difference 
in  staining  reaction,  these  two  types  are  indistinguishable. 
The  greater  number  of  the  gland  cells,  however,  present 
a different  appearance.  Their  contents  consist  of  a coarse 
spongy  network,  which  presents  a slaty-purple  hue  (PI. 
IV.,  fig.  3,  a).  AVhether  these  various  types  are  in  reality 
distinct,  or  whether  they  represent  different  stages  in  a 
single  type,  is  a question  which  must  be  left  for  future  his- 
tological investigation  to  decide. 

Pesides  being  found  between  the  ciliated  cells, 
these  unicellular  gland  cells  also  occur  massed 
beneath  the  ridges  of  the  oesophageal  epithelium. 
It  seems  feasible  that  these  large  glandular  oesopha- 
geal cells  supply  the  active  juices  of  digestion,  whilst  the 
intestinal  region  is  more  concerned  with  absorption.  The 
more  granular  of  them  bear  a close  resemblance  to  the 
large  unicellular  glands  of  the  integument  which,  as  has 
alreadv  been  seen,  are  probably  concerned  with  the 
markedlv  acid  skin  reaction.  Such  a fact  lends  some 
support  to  the  view  that  the  oesophagus  is  derived  from 
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the  ectoderm,  and,  should  future  investigations  prove 
such  to  be  the  case,  the  Nemerteans  would  present  Ihej 
interesting  feature  of  possessing  an  endoderm  which  pro-' 
bably  does  not  contribute  to  the  digestive  juices,  but  is] 
only  concerned  with  absorption.  But  in  the  absence  of} 
decisive  embryological  data,  and  of  the  histologicalj 
appearance  of  the  various  parts  of  the  lining  of  theij 
alimentary  canal  after  injection  of  various  substances,! 
nutritious  or  otherwise,  the  question  must  be  left  open.  i 

The  oesophagus  is  constricted  at  its  posterior  end,  and 
behind  this  constriction  starts  the  intestine,  with  its 
lateral  pouches,  where  the  character  of  the  lining  of  the 
alimentary  canal  becomes  entirely  changed.  The  intes- 
tinal cells  are  large,  though  long  and  narrow  (PI.  III., 
fig.  2).  Each  contains  a somewhat  elongated  nucleus  near 
its  base,  whilst  between  it  and  the  ciliated  surface  are  a 
number  of  small  round  bodies  which  shew  neither  nucleus 
nor  any  definite  structure.  These  little  bodies  have  been 
considered  to  be  stored  food  material  absorbed  in  this, 
region,  and  in  some  Nemerteans  several  types  have  been 
distinguished.  ? 

The  region  of  the  regularly  arranged  intestinal  diver- 
ticula (PI.  III.,  figs.  6,  and  7,  i.d.)  continues 
almost  to  the  anus  where  the  alimentary  canal  opens  to 
the  exterior  by  a very  short  rectum.  It  is  worthy, 
of  note  that  traces  of  food  are  rarely  found  in; 
the  digestive  canal  of  a Nemertean.  Yet  various 
anecdotes  illustrating  their  varacity  have  been  given,, 
among  which  may  be  mentioned  an  observation  of 
*Piches,  who,  writing  about  Micrura  purfurea,  states  that 
“ A specimen  of  about  3 or  4 cm.  was  placed  in  a dish  with 

* Riches,  T.  H.  A list  of  the  Nemertines  of  Plymouth  Sound.  Jouni. 
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“ a Kunemertes  necsi  of  quite  20  cm.  length.  Some  little 
“ time  after  I was  astonished  to  find  the  Micrura  busily 
“ engaged  in  sw^allowing  the  Eunemertes.  The  posterior 
“ one-fifth  of  the  latter  had  already  disappeared  into  the 
“ mouth  of  the  former  when  I noticed  them,  and  still  the 
“ assailant  was  struggling  to  gulp  down  more  of  its  prey. 

“ In  the  meantime  the  victim  glided  round  the  dish, 
“apparently  not  suffering  the  slightest  inconvenience 
“from  the  attack  upon  its  posterior  extremity. 

“ Ultimately  both  attacker  and  attacked  became  quiescent, 
“ the  former  having  become  more  than  twice  its  previous 
“ girth.  The  portion  of  the  Eunemertes  in  the  gut  of  the 
-Micrura  still  remained  in  continuity  with  the  rest  of 
“the  body,  though  apparently  undergoing  digestion.” 
Possibly  the  food  is  digested  and  absorbed  and  the  excreta 
expelled  with  a rapidity  which  precludes  its  presence 
within  the  alimentary  canal  for  any  length  of  time. 

THE  VASCULAR  SYSTEM. 

According  to  the  histological  structure  of  the  walls,  the 
vascular  spaces  in  Linens  are  spoken  of  partly  as  lacunae 
and  partly  as  vessels.  The  lacunae  are  found  in  the  head 
and  in  the  oesophageal  region.  They  are  surrounded  by 
connective  tissue,  and  their  only  wall  consists  of  a delicate 
membrane  on  which  occur  small  oval  nuclei  at  inteivals. 
The  vessels,  which  occur  only  in  the  intestinal  region, 
possess  a rather  more  elaborate  structure.  They  are  lined 
by  an  endothelium  (PI.  IV.,  fig-  2),  closely  packed  with 
spherical  nuclei,  and  in  which  cell  outlines  are  not  readily 
to  be  distinguished.  This  endothelium  rests  upon  a well- 
marked  structureless  basement  membrane,  but  no  circular 
muscle  fibres  are  present.  External  to  the  basement  mem- 
brane is  a layer  of  large  parenchyma  cells,  highly 
vacuolated  and  with  definite  cell  outlines. 
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In  tlie  precerebral  region  tlie  vascular  system  consists- 
of  two  laciiiue  (PL  I.,  tig.  2),  wliicli  join  at  the  tip  of  tlu 
head  over  the  rhvnchodteum.  These  two  cephalic  lacuna}, 
together  with  the  proboscis  sheath,  are  surrounded  by  tlu 
nervous  ring.  .Vboiit  the  level  of  the  A’entral  com- 
missure of  the  brain  they  unite  in  the  mid-ventral  line 
below  the  proboscis  sheath,  and  from  the  commissure  sc 
formed  is  given  otf  the  median  dorsal  vessel  (or  more ' 
properly  lacuna).  Turther  back  the  lateral  lacuna}  form  a 
second  ventral  communication,  whence  spring  the  two 
small  buccal  vessels  which  join  the  vascular  network  in  the 
msophageal  region.  Soon  after  this  the  lateral  lacunai 
widen  out  greatly,  and  surround  the  hinder  portion  of  thej! 
cerebral  organs.  Just  behind  the  mouth  there  is  a con-! 
tinuous  network  of  msophageal  lacume  surrounding  thej 
ventral  surface  of  the  oesophagus  (PI.  II.,  fig.  2),  thoughj 
the  lateral  lacunae  can  still  be  recognised  as  the  largesb 
and  most  dorsal  of  the  spaces  seen  in  transverse  section.!* 
They  are  in  close  proximity  to  the  proboscis  sheath,  and|i 
the  nephridial  tubules  come  into  contact  with  them  (Pl.'l 
II.,  fig.  2,  ext.).  ;; 

The  median  dorsal  vessel  pierces  the  wall  of; 
the  proboscis  sheath  directly  after  its  formation^ 
at  the  level  of  the  brain,  and  lies  in  the  median  ventral 
line.  Directly  over  it  the  rhynchocoelomic  epithelium.,! 
which  alone  separates  the  vessel  from  this  cavity,  assume^ji 
a columnar  appearance.  The  oesophageal  lacunar  networki 
extends  nearly  to  the  end  of  the  oesophageal  region.  Itj 
then  terminates,  and  the  lateral  lacunae  become  much 
smaller  and  transformed  into  the  lateral  vessels  which  af 
first  lie  just  above  the  level  of  the  lateral  nerves,  but  soon 
take  up  a position  ventral  to  the  intestine,  and  not  far 
removed  from  the  mid-ventral  line.  At  about  the  samei 
level  the  median  dorsal  vessel  leaves  the  proboscis  sheath,! 
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and  becoming  a true  vessel,  runs  for  the  rest  of  its  extent 
between  tbe  proboscis  sbeatli  and  the  intestine.  In  the 
intestinal  region  the  lateral  and  median  dorsal  vessels 
communicate  by  a series  of  commissures  (PL  IV-,  hg- 
ehv)  passing  round  the  diverticula,  and  which  are  of 
lacunar  nature,  being  devoid  of  the  investing  layer  of 
parenchymatous  cells.  As  the  lateral  vessels  do  not  com- 
municate ventrally,  the  last  commissure  of  the  vascular 
system  lies  dorsal  to  the  alimentary  canal. 

The  blood  is  colourless,  and  contains  some  corpuscles. 
In  some  Aemerteans  it  is  red  from  the  presence  of 
hsemoglobin.  As  to  its  course,  it  has  been  stated  to  how 
backwards  in  the  median  dorsal  and  forwards  in  the 
lateral  vessels.  It  is  possible,  however,  that,  in  the 
absence  of  contractile  fibres  in  the  vascular  system,  there 
is  no  definite  circulation,  but  that  the  blood  is  inter- 
mittently kept  in  motion  by  contraction  of  the  muscles  of 
the  body  wall.  To  what  extent  the  vascular  fluid  acts  as 
a respiratory  medium  is  open  to  question.  The  vascular 
network  round  the  oesophagus  of  many  Nemerteans  and 
the  occasional  presence  of  haemoglobin  suggest  that  it  may 
have  such  a function,  but  against  this  must  be  set  the  fact 
that  the  oesophageal  lacunae  are  not  present  in  some 
groups,  and  also  that  the  presence  of  haemoglobin  is  of  rare 
occurrence.  A more  likely  view  is  that  respiration  is 
mainly,  if  not  entirely,  carried  out  by  the  integument  of 
the  smaller  forms  ; and  this  may  also  be  the  case  even  in 
the  larger  ones,  since  the  body  is  usually  capable  of 
extreme  attenuation. 

EXCRETORY  SYSTEM. 

The  so-called  excretory  or  nephridial  system  in  Lmeus 
gesserensis  consists  of  a number  of  small  tubules  lying  in 
close  proximity  to  the  lateral  lacunae  in  the  oesophageal 
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region  (PL  II.,  fig.  2),  and  communicating  with  the 
exterior  by  a niimi)er  of  fine  ducts  which  pierce  the  body 
wall  and  open  laterally  above  the  level  of  the  lateral  nerves. 
The  number  of  ducts  varies  both  in  different  specimens 
and  on  the  two  sides  of  the  same  specimen  (PI.  IV.,  fig.  1, 
e,rd.).  There  are  usually  from  G to  12  on  each  side.  It 
often  happens  that  some  of  the  ducts  are  incomplete,  the 
portion  which  would  pierce  the  circular  muscle  lay^ei 
being  missing,  though  whether  this  is  due  to  such  ducts 
being  new  formations  in  course  of  inward  growth  from  the 
ectoderm,  or  whether  they  are  commencing  to  atrophy  is 
an  undecided  point. 

It  has  been  stated  that  the  number  of  ducts  increases 
with  the  growth  of  the  animal,  from  which  it  would 
appear  that  such  incomplete  ducts  belong  to  the 
former  of  the  above  categories.  On  the  other  hand, 
the  writer’s  own  experience  is  that  a large  specimen  may 
have  but  half  as  many  ducts  as  one  considerably  smaller, 
though  in  such  a case  certain  of  the  ducts  in  the  large 
specimen  may  possess  a very  much  wider  lumen  than  the 
rest.  Consequently  it  is  quite  likely  that  there  is  a period, 
in  which  the  number  of  ducts  increases,  and  then  later  a 
period  in  which  certain  of  the  ducts  enlarge,  with  the 
result  that  others  atrophy  through  disuse.  But  the 
question  is  one  that  requires  more  fully  working  out. 

The  excretory  tubules  commence  not  far  behind  the  I 
mouth,  and  extend  almost  to  the  end  of  the  oesophageal' 
region  (PI.  IV.,  fig.  1).  Directly  they  cease  the  lateral  | 
blood  lacunae  become  the  lateral  vessels  and  the ' 
median  dorsal  vessel  leaves  the  proboscis  sheath. 
Histologically  the  tubules  consist  of  what  would 
probably  be  styled  cubical  epithelium,  were  it 

possible  to  distinguish  the  cell  outlines.  Its  protoplasm, 
which  stains  readily,  is  somewhat  granular  and  contains 
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spherical  nuclei  (PL  III.,  fig.  5).  It  is  sparingly  provided 
with  long  cilia.  Near  the  blind  end  of  a tubule  these 
cilia  are  often  more  abundant,  and  are  directed  away  from 
the  blind  end  (PI.  III.,  fig.  5).  No  flame  cells,  however, 
have  been  detected  in  this  species. 

The  excretory  system  lies  almost  wholly  above  the 
level  of  the  lateral  nerve  cords,  never  extending  into  the 
lacunar  network  ventrally.  Though  it  is  in  close  con- 
tact with  the  oesophageal  lacunse,  there  is  no  communica- 
tion between  the  vascular  and  excretory  systems. 
Although  certain  observers  claim  to  have  demonstrated 
such  a communication  for  certain  of  the  more  primitive 
forms,  such  as  Carinella  and  Carinoma,  it  is  exceedingly 
doubtful  whether  it  exists.  Concerning  the  nature  of  the 
fluid  contained  in  the  excretory  system  no  observations 
have  been  made. 

NERVOUS  SYSTEM. 

The  nervous  system  consists  essentially  of  two  longitu- 
dinal cords  extending  throughout  almost  the  entire  length 
of  the  body  and  dilating  anteriorly  into  the  brain.  Pos- 
teriorlv  they  unite  by  a fine  commissure  ventral  to  the 
rectum.  For  their  whole  course  they  lie  immediately 
outside  the  circular  muscle  layer,  and  are  conspicuous 
objects  in  a transverse  section  of  the  worm  (PL  III.,  fig.  8, 
55.).  Yiew^ed  thus  they  are  seen  to  be  composed  of  an 
inner  granular-looking  portion  of  a more  or  less  circular 
outline,  surrounded  by  a layer  of  ganglion  cells.  The 
latter  are  not  present  on  the  side  next  to  the  circular 
muscles,  and  are  very  scarce  externally.  The  fibrous  core 
is  bounded  by  a 'thin  connective  tissue  layer,  the  inner 
neurilemma,  separating  it  from  the  ganglion  cells.  Out- 
side the  ganglion  cells  is  another  connective  tissue  layer, 
which  has  been  termed  the  outer  neurilemma.  The  inner 
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neurilemma  is  broken  at  intervals  by  small  bundles  of  j 
axis  cylinders  from  the  ganglion  cells,  which  can  be  traced  ‘ 
into  the  fibrous  core.  Scattered  nuclei  are  found  inside  ' 
the  fibrous  core,  for  the  most  })art  just  inside  the  inner  » 
neurilemma,  though  a few  may  be  seen  about  the  centre  of 
it.  These  are  the  nuclei  of  the  neuroglial  cells,  whose 
branched  processes  form  the  supporting  groundwork  of 
the  nervous  svstem.  The  fibrous  core  itself  is  composed  i-' 

of : — I 

(1)  Fibres  of  the  neuroglial  cells,  which  stain  with  I 
many  reagents  (e.//.,  eosin),  and  compose  the  bulk  of  the  1 
core. 

(2)  Nerve  tubules,  consisting  of  homogeneous  axis  i 

cylinders  which  are  usually  unstained  by  reagents,  and  | 
probably  in  life  consist  of  a semi-fluid  substance  bounded  1 
by  a fine  spongio-plasmic  sheath.  These  tubules  are  veiy  |i 
small,  and  are  for  the  most  part  scattered  about  inside  the  j 
fibrous  core,  though  near  the  centre  a large  space  is  seen,] 
more  or  less  circular  in  outline  in  transverse  section, 
which  is  found  throughout  the  whole  length  of  the  core, 
and  probably  represents  a bundle  of  nerve  tubules.  ; 

(3)  Irregular  spaces  containing  fluid.* 

Returning  now  to  the  general  arrangement  of  the 
nervous  system,  it  has  already  been  mentioned  that  the 
lateral  nerve  cords  dilate  anteriorly  to  form  the  brain. 
This  structure  is  composed  of  a dorsal  and  a ventral  ceie-  | 
bral  ganglion  on  either  side.  The  ventral  ganglion  is‘| 
merely  the  expanded  end  of  the  lateral  cords,  and  it  is! 

* It  should  be  mentioued  that  the  above  view  of  the  nature  of  thef 
elements  of  the  nervous  core  is  that  advocated  by -Montgomery  (loc.  cit.  i 
p.  428).  Biirger  on  the  other  hand  (Die  Nemertinen,  Fauna und  Flora  des) 
Golfes  von  Neapel  Bd.  XIX.,  1895)  supposes  the  densely  staining  elements,  | 
eonsidered  to  be  neuroglial  processes  on  the  above  view,  are  the  nervous 
fibrils,  and  that  the  so-called  nerve  tubules  are  clefts  filled  with  fluid. 
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difficult  to  say  exactly  where  the  one  ceases  and  the  other 
starts.  The  dorsal  ganglia  are  closely  united  with  the 
yentral  (PI.  I.,  fig.  5,  and  PI.  II.,  fig.  4).  The  two  dorsal 
ganglia  are  connected  by  a dorsal  commissure  (PI.  I.,  fig. 
4)  and  the  yentral  ganglia  by  a much  stouter  yentral  com- 
missure. The  neryous  ring  thus  formed  surrounds  the 
proboscis  sheath,  and  not,  as  in  most  worms,  the 
alimentary  canal.  The  posterior  ends  of  the  dorsal 
ganglia,  now  no  longer  in  contact  with  the  yentral  ganglia, 
are  continued  into  the  so-called  cerebral  organ,  which  will 
be  referred  to  under  the  sense  organs  later. 


Histologically  the  general  structure  of  the  brain  is 
similar  to  that  of  the  lateral  cords,  with  the  difference 
fhat  the  ganglion  cells  are  not  all  alike.  In  the  brain 
three  yarieties  of  ganglion  cells  may  be  distinguished  : — 

(1)  Small  cells  of  shortened  pyriform  shape,  the  deeply 
staining  nuclei  of  which  almost  fill  the  cell  bodies.  They 
occur  on  the  dorsal  and  yentral  aspects  of  the  dorsal 
ganglia  (PI.  II.,  fig.  4),  and  also  in  the  cerebral  organs, 
and  are  probably  sensory  in  function. 

(2)  Medium  sized  cells,  more  or  less  elongated  and 
pear-shaped.  These  occur  in  the  yentral  brain  lobes  and 
in  the  lateral  cords,  forming  the  greater  part  of  the  gang- 
lion cell  layer  of  the  latter.  They  yarv^  somewhat  in 
size,  but  may  be  distinguished  from  the  next  type  by  the 
shape  of  their  nucleus,  which  is  oyal  and  not  spherical,  as 


in  the 

(3)  Large  cells.  These  are  also  of  elongated  pyriform 
shape,  and  are  found  in  the  dorsal  and  yentral  ganglia, 
as  well  as  in  the  lateral  cords. 

The  larger  ganglion  cells  of  the  last  two  types  are 
probably  motor  in  function.  In  some  Lineidae  a yet 
larger  type  of  cell  may  be  present  in  the  yentral  ganglia, 
and  sometimes  also  in  the  lateral  cords.  They  possess 
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very  large  axis  cylinders,  wliicli  have  been  termed  neuro- 
chords. They  are  not  present  in  Linens  gesserensis. 

In  addition  to  the  central  nervous  system,  consisting  of 
the  brain  and  lateral  cords,  various  peripheml  nerves  may 
be  distinguished.  These  may  be  classed  under  five 
headings : — 

(1)  Cephalic  nerves  (PI.  I.,  hg.  2,  cn.),  given  off 
anteriorly  from  the  dorsal  ganglion  and  innervating  the 
skin  of  the  snout,  the  frontal  organs,  and  eyes. 

(2)  The  oesophageal  nerves  (PI.  II.,  fig.  1,  oesn.)  which 
come  off  from  the  hinder  portion  of  the  ventral  ganglia, 
and  may  be  regarded  as  marking  the  boundary  between 
the  latter  and  the  lateral  cords.  Immediately  after 
coming  off  the  oesophageal  nerves  of  each  side  unite  by 
several  commissures  (PL  I.,  fig.  b,  oesc.).  Behind  this 
the  nerves  may  be  easily  traced  for  a little  way  along 
the  oesophagus,  where  they  lie  ventrally  and  somewhat  ‘ 
laterally,  dust  before  the  excretory  region  they  become  : 
broken  up,  though  it  is  probable  that  their  fine  branches  ; 
extend  backwards  and  innervate  the  whole  of  the  alimen- 
tary canal.  By  some  writers  these  nerves  are  spoken  of  ? 
as  the  vagus  nerves. 

(3)  The  nervous  sheath  (PI.  II.,  fig  2,  nl.)  which  forms  - 
a delicate  coat  lying  at  the  same  level  as  the  side  stems  , 
and  completely  enveloping  the  circular  muscle  layer.  In  ^ 
the  median  dorsal  line  (PI.  III.,  fig-  8,  nd)  a thickening  | 
of  this  layer  occurs.  This  is  the  median  dorsal  nerve] 
which  anteriorly  fuses  with  the  dorsal  commissure  of  the ' 
brain.  Prom  this  nervous  sheath  fine  fibrils  may  be 
traced  to  the  skin  and  the  muscle  layers  of  the  body  wall. 

(4)  The  proboscis  sheath  nerve— an  exceedingly  fine 
nerve  situated  just  beneath  the  circular  muscle  layer  in 
the  median  dorsal  line.  It  probably  innervates  the 
structure  from  which  it  receives  its  name. 
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(5)  The  proboscis  nerves  which  are  given  off  one 
on  each  side  of  the  ventral  ganglia  and  pass  thence  into 
the  proboscis.  Inside  this  structure  they  soon  spread  out 
and  fuse  to  form  a nervous  sheath  investing  the  probos- 
cidial  epithelium  in  the  retracted  state  of  the  organ. 

On  the  nerves  of  the  peripheral  system  are  found  some 
nuclei,  but  these  probably  belong  to  neuroglial,  not 
ganglion  cells. 


SENSE  ORGANS. 

The  ciliated  cells  of  the  epidermis  doubtless  function  as 
sensory  cells,  though  whether  the  sensory  elements  can  be 
distinguished  apart  from  the  ordinary  ciliated  cells  has 
not  been  determined  in  the  case  of  Lineus  gesserensis. 
Some  observers,  however,  have  been  able  to  distinguish 
such  cells  in  other  species.  Apart  from  these,  three  forms 
of  sensory  organs  are  found  in  the  present  species. 

(1)  The  cerebral  organ.  It  has  already  been  noticed 
that  on  either  side  of  the  head  there  is  a groove  bounded 
by  mobile  lips,  reaching  from  the  tip  of  the  head  nearly 
to  the  mouth  region,  and  deepening  as  it  passes  back- 
wards. At  the  posterior  extremity  of  each  of  these  head 
slits  (PI.  ly.,  fig.  I,  hs.)  is  a small  aperture  marking  the 
opening  of  a fine  blind  canal  which,  taking  first  a back- 
Avard  and  then  a forward  course  (PI.  III.,  fig.  3,  rc.),  lies 
for  its  whole  extent  in  close  proximity  to  the  hinder 
portion  of  the  dorsal  ganglion.  Into  it  open  two  sets  of 
glands.  The  first  set  (PI.  I.,  fig.  3,  and  PI.  III.,  fig.  3, 
acg.)  opens  into  the  canal  immediately  after  its  com- 
mencement, the  second  set  a little  further  back  (PI.  III., 
fig.  3,  2^cg.).  Up  to  this  point  the  epithelial  lining  of 
the  canal  consists  of  high  thin  columnar  cells  devoid  of 
glands,  but  behind  the  opening  of  the  posterior  gland  the 
epithelium  of  the  ciliated  canal  becomes  greatly  changed. 
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When  viewed  in  transverse  section  (PI.  TII.,  fig.  1)  the 
inner  half  of  the  canal  is  seen  to  be  lined  by  very  long 
cells  possessing  large  nuclei  and  with  an  inner  hyaline 
extremity  consisting  of  fused  cilia,  at  the  base  of  which 
are  minute  deepiv-stained  granules.  On  the  outer  side 
of  the  canal  the  cells  are  even  more  highly  specialised,  | 
and  are  five  in  number  (as  seen  in  transverse  section),  jl 
viz.,  a median  one,  two  smaller  ones  on  either  side,  and  I 
two  very  large  ones  again  on  either  side  of  these.  More  | 
than  one  nucleus  is  present  in  all  of  them.  The  cells  of 
these  five  rows  are  separate  at  their  inner  ends  both  from 
one  another  and  from  the  cells  of  the  internal  half  of  the 
canal.  Like  the  latter  they  possess  an  inner  hyaline 
portion,  consisting  of  fused  cilia  projecting  into  the  lumen 
of  the  canal.  The  basal  portions  of  all  these  cells  are 
without  a well-marked  limiting  membrane,  and  come  into 
close  contact  with  the  fibrous  core  of  the  posterior 
extremity  of  the  dorsal  ganglion.  Numbers  of  small, 
sensory  ganglion  cells  of  the  first  type  ( pagG  16  ) are; 
massed  round  the  canal  (PI.  I.,  fig.  6,  and  PI.  II.,  fig.  4),. 
and  the  projection  of  the  fibrous  core  from  the  dorsal 
ganglion. 

The  function  of  this  elaborate  organ  is  still  pro- 
blematical. By  some  writers  it  has  been  supposed  to 
contribute  to  the  respiration  of  the  brain  lobes,  though 
the  specialised  character  of  its  epithelium  and  the  numbef 
of  o-anfflion  cells  in  it  would  seem  to  lend  more  counte- 
nance  to  the  view  that  its  function  is  rather  concerneq 
with  the  elaboration  of  some  special  sensory  impulses. 

(2)  The  frontal  organ  consists  of  three  small  projecting 
patches  of  high  columnar  glandless  epithelium  bearing 
cilia  (PI.  IV.,  fig.  1,  fr.).  The  median  patch  is  situatec 
just  above  the  proboscis  pore  with  a lateral  patch  or 
either  side  of  it.  These  patches  are  retractile,  and  aftei 
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preservation  appear  in  section  as  small  pits  (PL  I.,  tig.  1). 
Opening  near  them  are  the  so-called  head  glands,  which 
in  Linens  gesserensis  form  a small  mass  of  gland  cells 
lying  in  the  anterior  portion  of  the  snout  just  above  the 
rhynchodseum. 

(d)  The  eyes  vary  in  number,  the  adult  animal  usually 
having  a dorso-lateral  I’ow  of  about  five  on  each  side. 
They  lie  imbedded  in  the  tissue  of  the  snout  well  below 
the  epidermis  and  dorsal  to  the  head  slits.  Each  eye 
consists  of  a deep  layer  of  cells  containing  a dark  brown 
pigment,  over  which  is  a layer  of  pyriform  cells  (PI.  III., 
hg  4),  whose  more  pointed  ends  are  drawn  out  into  long 
processes  which  are  inserted  into  a fine  nucleated  mem- 
brane. On  the  long  processes  of  these  ganglion  (?)  cells 
may  often  be  seen  minute  deeply-staining  bodies,  whilst 
between  them  is  a clear  fluid  kept  in  by  the  fine  limiting 
membrane  and  forming  a lens.  The  eyes  are  supplied 
by  some  of  the  cephalic  nerves  which  enter  them  from 
the  pigmented  side.  Instances  may  frequently  be 
observed  in  which  two  eyes  are  incompletely  separated, 
whence  it  may  probably  be  inferred  that  their  number  is 
augmented  by  division  of  those  already  existing.  The 
young  Linens  when  hatched  has  but  a single  eye  on  either 
side. 


THE  CONNECTIVE  TISSUES. 

These  have  been  studied  in  the  present  species  by 
Montgomery  (loc.  cit.  p.  I),  who  distinguishes  the  follow- 
ing kinds : — 

(1)  Branched  connective  tissue  cells  with  inter-cellular 
substance,  composing  the  basement  membrane  of  the 
external  epithelium,  the  outer  and  inner  neurilemma,  the 
sheaths  around  the  muscular  fibres,  the  layer  immediately 
surrounding  the  intestine,  the  layer  outside  the  endothe- 
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limn  of  the  blood  vessels,  and  pi'obably  also  the  envelop- 
iiifT  iiienibrane  of  the  gonads.  The  infereellulai-  substance 
formed  hy  these  cells  is  structureless  and  of  gelatinous 
a])pearance,  and  takes  a deep  eoloui-  with  many  staining 
reagents  (especially  hyematoxylin  or  nigrosin). 

(2)  Pigmented  connective  tissue  without  intercellular 
substance.  This  occurs  in  the  cutis,  and  consists  of 
membraneless  cells  with  hue  branching  hbrils  containing 
greenish  yellow  pigment  granules.  It  is  more  plentiful 
on  the  dorsal  surface  where  the  colour  is  darkest.  The 
amount  and  distribution  of  this  pigment  probably  deter- 
mines the  colour  variety  (i.e.,  whether  red  or  green), 
since  a greater  amouiit  of  pigment  usually  occurs  in  the 
red  variety.  On  this  view  the  red  colour  must  be  looked 
upon  as  due  to  the  refraction  of  light  rays  coming  from 
the  greenish  pigment. 

(d)  Mesenchyme  tissue  composed  of  bi-  or  multi-polar 
cells  without  intercellular  substance.  This  tissue  is  much 
reduced  in  the  present  species,  being  only  found  in  the 
anterior  region  of  the  body  between  the  proboscis  sheath 
and  the  oesophagus. 

(4)  Parenchyme  tissue  consisting  of  large,  much -vacuo- 
lated cells  with  an  outer  membrane.  This  occurs  round 
the  dorsal  and  lateral  blood  vessels  in  the  intestinal 
region  (PI.  IV.,  fig.  2),  though  it  is  not  present  on  the 
commissural  vessels. 

BODY  CAVITY  AND  GONADS. 

While  some  observers  hold  that  no  bod}"  cavity  is 
present  in  the  iN’ emerteans,  others  consider  that  it  is  repre- 
sented by  spaces  sometimes  found  round  the  alimentary 
canal,  and  in  which  occur  mesenchyme  cells,  buch  spaces 
are  in  some  species  well  marked  with  the  mesenchyme 
cells  so  arranged  as  to  form  a more  or  less  definite  lining 
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membrane.  It  is  possible,  however,  that  they  may  be  due 
to  shrinkage  in  the  process  of  preservation.  As  has 
already  been  seen,  the  only  space  of  this  kind  which  occurs 
in  Linens  gesserensis  is  a small  one  between  the  proboscis 
sheath  and  the  oesophagus.  The  space  between  the  intes- 
tine and  the  inner  longitudinal  muscle  layer  is  small,  and 
is  occupied  by  connective  tissue  cells  and  their  inter- 
cellular substance. 

In  this  space  occur  sacs  alternating  with  the 
intestinal  diverticula  (PI.  III.,  figs.  6 and  8),  and 
with  the  intestinal  diverticula  (PI.  III.,  figs.  6 and  8),  and 
lined  by  connective  tissue  cells.  These  are  the  gonads 
whose  cavity,  apparent  in  the  young  animal,  becomes 
obliterated  in  the  mature  worm  by  the  sexual  cells  which 
fill  it,  and  which  are  probably  derived  from  the  connective 
tissue  cells  which  form  its  lining.  Each  gonad  possesses 
a duct  which  opens  dorso-laterally  (PI.  III.,  fig.  8,  gd.)., 
and  which  is  formed  partly  by  a prolongation  of  the  con- 
nective tissue  lining  of  the  gonad,  and  partly  from  an 
ectodermal  depression. 

The  sexes  are  separate,  and  in  the  breeding  season, 
which  lasts  from  about  February  till  June,  the 
female  deposits  her  ova  under  stones  in  a long 
tubular  gelatinous  cord.  In  the  walls  of  this  cord  are  the 
ova  contained  in  small  flask-shaped  transparent  capsules 
(PI.  III.,  fig.  T).  One  of  the  gelatinous  cords  produced 
bv  a single  female  usually  contains  a hundred  or  more  of 
these  little  capsules,  and  each  capsule  contains  the  con- 
tents of  a gonad,  i.e.,  from  one  to  seven  ova,  according  to 
the  size  of  the  female.  The  spermatozoa  of  Linens 
gesserensis  possess  a long  pointed  head  (PI.  IV.,  fig.  4). 
The  gelatinous  cord  containing  the  ova  is  said  to  be  the 
joint  production  of  the  male  and  the  female.  Into  it  the 
male  then  proceeds  to  discharge  spermatozoa.  Soon 
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afterwards  the  female  deposits  her  ova,  already  siinoiinded 
by  the  characteristic  capsule,  which  are  then  fertilized. 
The  ova  are  deposited  in  the  capsules,  which  are  probabl 
secreted  by  the  lining  of  the  gonad. 


DEVELOI'MKXT.* 

The  ova  before  fertilisation  measuie  about  mm.  in 
diameter,  and  arc  opaque  owing  to  the  numerous  oil}'  yolk 
granules  which  they  contain.  The  germinal  vesicle  is 
well  marked,  and  in  it  is  a large  nucleolus  or  germinal 
spot.  After  fertilisation  segmentation  is  complete  and 
regular,  resulting  in  a blastula.  A segmentation  cavity 
is  already  present  in  the  8 cell  stage.  The  blastula  is 
(covered  with  cilia  by  whose  action  the  young  embryo  is 
kept  in  constant  rotation.  Invagination  of  the  blastula 
then  takes  place,  and  results  in  the  formation  of  a typical’ 
gastrula.  The  ditferentiation  between  ectoderm  and’ 
endoderm  cells  is  now  apparent,  the  latter  being  con-] 
siderably  larger.  The  endodermal  invagination  is  directed 
somewhat  obliquely  (PI.  IV.,  fig.  9),  so  that  the  futurct 
alimentary  canal  lies  entirely  behind  the  blastopore,’ 
enabling  one  to  distinguish  already  at  this  stage  the 
anterior  and  posterior  ends  of  the  animal. 

The  ectoderm  of  this  stage  does  not  directly  become, 
the  ectoderm  of  the  larva,  but  the  latter  is  established  by) 
a series  of  remarkable  changes.  In  two  small  areas  on*' 
either  side  the  cells  of  the  primary  ectoderm  of  the  gas-( 
trula  divide  lengthw^ays  forming  palisade  cells.  These 
areas  of  secondary  ectoderm,  the  cephalic  and  ventral 

* The  development  of  Linens  gesserensis  has  been  studied  more 
especially  by  Desor,  Barrois,  MTntosh,  and  Hubrecht.  The  account 
given  by  the  last-named  is  the  only  one  based  on  modern  methods,  and 
has  been  followed  in  this  paper. 
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plates,  are  tlieii  overgrown  by  tbe  cells  of  the  primary 
ectoderm  (PI.  IV.,  fig.  T)  surrounding  them,  so  that  at 
these  four  areas  the  ectoderm  becomes  two-layered,  viz., 
a layer  of  secondary  ectoderm  covered  externally  by  the 
layer  of  primary  ectoderm,  which  has  again  become  con- 
tinuous {cf.  PI.  IV.,  fig.  ^)-  the  anteiror  end,  a fifth 
area  of  secondary  ectoderm,  the  proboscidial  plate,  aiises, 
though  it  differs  from  the  others  in  being  formed  by 
tlelamination,  and  not  by  sinking  in  (PI.  I\  .,  fig.  9,  p^p.). 
The  five  areas  of  the  secondary  ectoderm  then  spread  out 
and  fuse  with  each  other,  forming  a continuous  coat  which 
lies  directly  beneath,  and  subsequently  becomes  entiiely 
separated  from  the  primary  ectoderm.  This  secondary 
ectoderm  eventually  forms  the  ectoderm  of  the  adult.  I he 
primary  ectoderm  is  cast  off  later,  degeneiates,  and  is 
utilised  as  food  material  by  the  embryo. 

Before  the  fusion  of  the  five  secondary  ectoderm  plates, 
however,  two  invaginations  of  the  primary  ectoderm  aie 
formed  on  either  side  of  the  blastopore  (PI.  IV.,  fig.  8, 

^ corg).  These  later  sink  beneath  the  secondary  ectoderm 
between  the  cephalic  and  ventral  plates  of  the  latter,  and 
eventuallv  give  rise  to  the  ciliated  canals  of  the  cerebial 
organs.  In  the  process  these  invaginations  lose  their 
communication  with  the  exterior  (PI.  IV.,  fig.  10,  corg.), 

' but  later  a secondary  opening  is  formed  in  each  case  at 
the  surface  of  the  secondaiy^  ectoderm, 
i At  the  time  when  the  five  plates  of  secondary  ectoderm 
are  commencing  to  appear  the  first  traces  of  the  future 
mesoderm  are  seen  as  cells  budded  off  from  both  the 
^ primaiy^  ectoderm  and  the  endoderm  (PI.  IV.,  figs.  7,  8, 

! 9).  After  the  establishment  of  the  secondary  ectoderm 

as  a continuous  layer,  these  mesoderm  cells  come  to  be 
entirely  enclosed  within  it. 

Meanvrhile  changes  have  been  taking  place  within  the 
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ondoderm.  Whilst  the  secondary  ectoderm  is  making  its 
appearance  the  hinder  portion  of  tin*  archenteron  heconies 
shut  off  from  the  more  anterior  part  by  a coalescence  of 
some  of  its  cells  (PL  IV.,  fig.  9),  resulting  in  the  forma- 
tion of  a posteiTor  intestinal  portion  with  a closed  cavity, 
and  an  anterior  oesophageal  portion  whose  lumen  opens 
to  the  exterior  by  the  blastopore.  ddie  last-named 
eventually  becomes  the  mouth  of  the  adult.  Later  the 
cavities  of  the  (esophagus  and  intestine  become  secondarily 
continuous,  but  befoi-e  this  occurs  a small  latei  al  evagina- 
tion  is  formed  on  eithei“  side  of  the  inner  portion  of  the 
(esophagus.  These  evaginations  eventually  lose  their 
connection  with  the  ceso})hagus,  and  acquire  openings  to 
the  exterior  through  the  body  wall.  In  this  wa}^  are 
established  the  nephridia.  Thus  the  (Desophagus  must  be 
looked  upon  as  endodermal,  and  conseciuently  the 
nephridia  as  diverticula  of  the  archenteron.  The  anus  is 
formed  later  at  the  posterior  end  of  the  intestine.  Luring^ 
these  changes  the  ectoderm  of  the  proboscidial  plate  has! 
formed  an  invagination,  which  will  become  the  lining  of^ 
the  rhynchoda3um  and  of  the  proboscis  (PI.  IV.,  fig.  10,  j).)' 
The  embryo  now  presents  the  appearance  shewn  in  PI. 
IV.,  fig.  5,  and  is  known  as  JJesor’s  larva. 

The  fate  of  the  ectoderm  and  of  the  endoderm  has  now ; 
been  traced.  AVith  the  exception  of  the  gonads,  thej 
remainder  of  the  body  is  derived  from  the  mesoderm,! 
whose  cells  by  this  time  have  come  together  to  form  ai 
continuous  layer  round  the  structures  whose  formation  i 
has  already  been  described.  The  mesoderm  gives  rise  to 
the  connective  tissues,  muscles,  nervous  system,  blood 
vessels,  and  proboscis  sheath.  The  cavities  of  the  two 
last  are  remains  of  the  segmentation  cavity.  That  the 
nervous  system  should  be  of  mesodermal  origin  is  a some- 
what remarkable  fact.  Still  it  has  already  been  seen  that 
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mesoderm  is  derived  in  part  from  the  primary  ecto- 
derm, and  it  is  possible  that  these  cells  are  the  ones  con- 
cerned in  the  formation  of  the  nervous  system  ; on  which 
view  its  origin  would  be  but  ectodermal  in  disguise.  An 
exception  to  the  mesodermal  origin  of  most  of  the  organs 
was  noticed  above.  This  is  the  case  of  the  gonads,  which 
are  stated  to  arise  at  a later  stage  as  ectodermal  ingrowths 
ventral  to  the  level  of  the  lateral  nerve  cords.  The  con- 
nection with  the  ectoderm  is  then  lost,  and  the  ducts  aie 
developed  later  above  the  level  of  the  lateral  nerves,  ihe 
origin  of  the  various  organs  has  now  been  traced.  During 
the  later  part  of  its  stay  in  the  egg  capsule  the  larva 
lengthens  considerably,  until  the  little  worm,  now 
about  1*5  mm.  long,  forsakes  the  protection  of  its 
embryonic  shelter  to  become  an  independent  though 
microscopic  unit  in  the  teeming  life  around  its 
birthplace. 

The  development  through  the  larva  of  Desor  as 
sketched  above  is  not  the  only  form  which  occurs  in  the 
family  of  the  Lineidse.  In  some  other  species  of 
Nemerteans  a free  swiniiniiig  pelagic  larva,  known  as  the 
Pilidium,  is  formed,  and  a slight  knowledge  of  its  develop- 
mental history  throws  some  light  upon  the  peculiar  forma- 
tion of  the  ectoderm  in  Desor’ s larva.  A typical  gastrula 
is  formed,  which  then  acquires  a dorsal  tuft  of  long,  fused 
cilia  and  two  lappets  produced  by  ectodermal  folds  hang- 
ing down  laterally  on  either  side  of  the  mouth.  1 rom  its 
fancied  resemblance  to  a helmet  at  this  stage  the  laiva 
derives  its  name. 

The  young  worm  is  then  developed  inside  the  Pilidium, 
in  whose  ectoderm  five  invaginations  now  make 
their  appearance  round  the  mouth,  viz.,  two  paired 
and  one  anterior  median  unpaired.  These  invagina- 
tions lose  their  connection  with  the  outer  ectoderm 
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of  ilip  Pilidiiiiii,  and  grow  together  to  surroiind  the 
endoderm  of  the  larva.  When  this  process  is  complete 
the  body  wall  of  the  animal,  exclusive  of  the  mesoderm, 
now  consists  of  four  layers.  hlxternally  is  the  ciliated 
ectoderm  of  the  larva,  and  internally  the  endodeim,  whilst 
between  these  are  two  layers  of  ectoderm  formed  by  the 
fused  invaginations.  Of  these  two  layers  the  inner 
becomes  the  ectoderm  of  the  adult  worm,  and  corresponds 
to  the  secondary  ectoderm  of  Desor’s  larva.  The  young 
iVemertean  continues  to  develop,  and,  when  full  grown, 
parts  company  with  the  remains  of  the  Pilidium,  which 
then  consist  of  the  original  outer  ectoderm  and  the  outer 
layer  of  the  fused  ectodermal  invaginations.  Hence  the 
discarded  layer  of  primary  ectoderm  in  Jfesor’s  larva 
corresponds  to  the  ectodermal  shell  of  the  Pilidium  which 
is  cast  off  when  the  young  JN  emertean  escapes.* 

In  several  important  respects  the  process  of  development 
by  Pilidium  is  said  to  differ  from  that  by  the  larva  of 
Desor.  Among  these  may  be  more  especially  mentioned 
the  origin  of  the  nervous  system  and  of  the  nephridia. 
The  former  is  said  to  arise  directly  from  the  secondary 
ectoderm  as  local  thickenings  of  this  layer,  whilst  in  the 
larva  of  ])esor  it  has  already  been  seen  to  take  its  origin 
from  the  mesoderm.  Again  in  Pilidium  development 
there  is  said  to  be  an  ectodermal  oesophageal  invagination 
when  the  nephridia  arise,  and  these  are  consequently  not 
of  endodermal  origin  as  in  Desor’s  larva. 

There  are  also  other  diiferences,  but  the  above  are 
sufficient  to  show  that  Hubrecht’s  account  (which  has 
been  followed  above),  though  in  its  original  form  full  and 

An  excellent  account  of  Pilidium  development,  illustrated  by  numerous 
coloured  diagrams,  is  given  by  L.  Joubin  in  Les  Nemertiens,  Traite  de 
Zoologie  de  R.  Blanchard,  fascicule  XI.  Paris,  1897. 
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. circumstantial,  should  be  accepted  with  caution  until 
f confirmation  lias  been  received  from  other  sources. 

I REGENERATION. 

Though  observations  on  the  regeneration  of  lost  parts 
i do  not  exist  in  the  case  of  Linens  gesserensis,  yet  in  a closely 
; allied  species,  Linens  sangninens,  interesting  facts  in  this 
i connection  were  brought  to  light  liy  MTntosh.  When 
I kept  in  captivity,  examples  of  this  species  shew  a tendency 
to  rupture  into  many  pieces.  Each  of  these  fragments 
may  develop  into  a complete  worm,  both  anterior  and 
posterior  ends  being  formed  anew. 

PARASITES. 

Like  most  Nemerteans,  Linens  gesserensis  is  frequently 
infested  with  Sporozoan  parasites.  These  occur  chiefly  m 
the  intestinal  region  attached  to  the  epithelium  of  the 
alimentary  canal  and  hanging  freely  into  its  lumen.  A 
• curious  large  Mesozoan  parasite  has  also  been  recorded 
in  this  species  {Rhopainra).  It  is  found  burrowing  in 
the  body  wall,  and  its  presence  may  be  recognised, 
according  to  MTntosh,  "by  the  perforated  and  honey- 
combed  appearance  of  the  dorsum  of  the  affected  animal, 
“ whose  textures  seem  to  be  the  seat  of  the  workings  of  a 
“microscopic  T omicns  tyfographicns. 

' SYSTEMATIC  POSITION. 

The  Nemerteans  are  divided  by  Burger  into  four  orders 
based  mainly  upon  the  number  of  muscle  layers  in  the 
body  wall,  and  the  position  of  the  lateral  nerve  cords  with 
respect  to  these  layers.  Briefly  these  orders,  with  the 
British  families  and  genera  belonging  to  each,  are  as 
follows:  — 
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I.  PEOTONEMEHTINI. 

Two  muscle  layers  in  body  wall,  7.e.,  external 
circular  and  internal  longitudinal.  The  lateral 
nerve  cords  lie  outside  the  circular  layer. 
Proboscis  without  stylets.  Mouth  behind  brain. 

Pam.  Carinellid^^. 

Genus.  Carinella. 

II.  MESONEMEETINI. 

Two  muscle  layers  in  body  wall,  i.e.,  external 
circular  and  internal  longitudinal.  The  lateral 
nerve  cords  lie  in  the  midst  of  the  longitudinal 
laj^er.  Mouth  behind  brain.  Proboscis  without 
stylets. 

Earn.  Cepiialothrictd.e. 

Genera.  CejjJialothri,^ 

Carinoma. 

III.  METAlVEMERTmi. 

Two  muscle  layers  in  body  wall,  i.e.,  external 
circular  and  internal  longitudinal.  The  lateral 
nerve  cords  lie  beneath  the  longitudinal  layer. 
Mouth  in  front  of  brain.  Proboscis  aimed  with 
stylets. 

A.  Prorhynchoccelomia. 

Body  long  and  thin.  Proboscis  and  pro- 
boscis sheath  much  shorter  than  bodv. 

P am . Eunemertid*e. 

Eyes  present.  No  otocysts. 

Genus.  Kunemertes. 

Pam.  Ototyphlonemertid^. 

No  e}^es,  but  one  or  more  pairs  of 
otocysts  ventral  to  brain. 

Genus.  Ototi/'phlonemertes, 
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B.  Holcrhynchocoelomia. 

Body  usually  short.  Proboscis  at  least  as 
long  as  body.  Proboscis  sheath  reaches  into 
hinder  third  of  bod)^ 

Fam.  Tetrastemmid.®. 

Four  eyes.  Cerebral  organs  in 
front  of  brain.  Dioecious  or 
hermaphrodite. 

Genera.  Prosorochmus. 

T etrastemma . 

Fam.  Amphiporid^. 

Numerous  eyes.  Cerebral  organs 
generally  behind  brain.  As  a rule 
members  of  this  family  are  con- 
siderably larger  than  those  of  the 
preceding. 

Genera.  Amphiporus. 

Drepanophorus. 

Fam.  Malacobdellid^. 

Parasitic  in  Lamellibranchs. 
Sucker  at  posterior  end. 

Genus.  Alalacohdella. 

lY.  HETEBONEMERTINI. 

Three  muscle  layers  in  body  wall,  i.e.,  outer 
longitudinal,  middle  circular,  and  internal  longi- 
tudinal. Proboscis  without  stylets.  Mouth 
behind  brain. 

Fam.  Eupolitd^e. 

Without  head  slits. 

Genera.  Eupolia 

V at  encinia. 

Oxypolia. 
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Fam.  Linetd.e. 

With  head  slits-. 

(Tenera.  Linens. 

Enhorhisia. 

Micrura. 

Cerehratulus. 

M ierella. 

The  genera  of  the  Lineidip  set  down  above  are  exceed- 
ingly difficult  to  define.  The  thi'ce  genera  Micrura, 
Cerehratulus  and  MicreUa  (together  with  the  exotic  genus 
Langia)  agree  with  one  another  in  the  possession  of  a 
slender  tail  filament  at  the  posterior  end  of  the  body. 
For  this  reason  they  have  been  grouped  together  as 
Micrurse  in  opposition  to  the  rest  of  the  family,  which  are 
known  as  the  Amicrurse.  It  is  very  doubtful,  however, 
whether  this  caudal  appendage  is  homologous  in  all  the 
instances  in  which  it  is  found,  for  in  some  cases  the  anus 
opens  at  its  tip,  whilst  in  others  it  opens  at  its  base  either 
just  above  or  just  below  it.  It  also  presents  other 
anatomical  differences  in  different  species. 

The  body  form  is  regarded  by  some  as  affording  a 
character  upon  which  to  base  generic  distinctions. 
Especially  is  such  the  case  in  Cerehratulus,  of  which  genus 
the  species  are  often  characterised  by  their  breadth,  due 
chiefly  to  the  sides  of  the  animals  being  flattened  out  to 
form  a kind  of  fin  known  as  the  side  folds.  Gradations 
between  such  a state  and  a more  or  less  circular  outline 
in  section  are  found,  so  that  the  absence  of  well-marked 
side  folds  does  not  necessarily  preclude  a species  from 
being  relegated  to  this  genus.  Cerehratulus  is  also  sup- 
posed to  be  characterised  by  a fine  layer  of  diagonal 
muscles  just  outside  the  circular  layer.  This,  however, 
is  often  absent.  In  fact  at  present  the  three  genera, 
Lineus,  Cerehratulus  and  Micrura  are  exceedingly  ill- 
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defined.  Many  anatomical  differences  are  found  in  the 
family,  amongst  which  may  more  particularly  be  men- 
lioned  tiie  following : — 

(a)  A diagonal  muscle  layer,  neurocliord  cells,  eyes,  and 

frontal  organ  may  be  either  present  or  absent. 

(b)  A well-marked  cephalic  vascular  head  loop  may  be 

l^resent,  or  the  cephalic  vessels  may  form  an 
anastomosing  network. 

(<?)  The  excretory  system  shews  great  variations  in  its 
backward  extent;  the  position  of  the  tubules 
may  be  dorsal  or  ventral,  or  both;  they  may 
reach  forward  to  the  cerebral  organ,  or  may  com- 
mence some  way  behind  it.  Also  some  species 
possess  a number  of  ducts  whilst  only  one  pair  is 
present  in  others. 

In  the  majority  of  the  Lineidse,  and  indeed  in  many 
British  forms,  we  are  as  yet  in  ignorance  with  regard  to 
many  of  these  points,  and  until  they  have  been  deter- 
mined it  is  useless  to  attempt  to  place  the  classification  of 
the  family  upon  a more  satisfactory  basis. 


s 
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Explanation  of  Plates. 

Keference  Letters. 


acg.  antenor  gland  of  cerebral 
organ. 

he.  buccal  vascular  commis- 
sure. 

chv.  commissural  vessel 

between  dv  and  Ihv. 
cc.  ciliated  canal  of  cerebral 
organ. 

C7nc.  circular  cephalic  muscles. 
C77iL  longitudinal  cephalic 
muscles. 

cn.  cephalic  nerve. 
corg.  cerebral  organ. 
cugl.  glandular  cutis. 
cvl.  cephalic  vascular  loop. 
dc.  dorsal  commissure  of 
brain. 

dg.  dorsal  ganglion. 
dv.  median  dorsal  blood 
vessel. 

ep.  epithelium. 
exd.  excretory  duct. 
ext.  excretory  tubules. 
fr.  frontal  organ. 

gc.  ganglion  cells. 

gd.  gonidial  duct. 
hs.  head  slit. 

id.  intestinal  diverticulum. 
iep.  intestinal  epithelium. 
Ibl.  lateral  blood  lacuna. 
Ibv.  lateral  blood  vessel, 
m.  mouth. 


me.  circular  muscle  layer. 
mep.  circular  muscles  of  pro- 
boscis. 

mer.  muscle  cross. 
mdv.  dorso-ventral  muscles. 
mli.  internal  longitudinal 
muscle  layer. 

77ilo.  external  ditto. 
mlp.  longitudinal  muscles  of 
proboscis. 
n.  nerve  to  eye. 
nd.  median  dorsal  nerve. 

111.  nervous  layer. 
nip.  nervous  layer  of  pro- 
boscis. 
nue.  nuclei. 

oeg.  ganglion  cell  (?)  layer  of 
eye. 

oes.  oesophagus. 
oese.  oesophageal  nerve  com- 
missure. 

oesl.  oesophageal  v^ascular 
lacunae. 

oes7i.  oesophageal  nerve. 
oep>.  oesophageal  epithelium. 
ogl.  gland  cells  round  oeso- 
phagus. 
ov.  ovary ^ 

p.  proboscis. 
par.  parenchymatous  cells. 
peg.  posterior  gland  of  cere- 
bral organ. 


LINEUS. 


pep.  proboscis  epi*.helium. 
pg.  pigment  layer  of  eye. 
pn.  proboscis  nerve. 
ps.  proboscis  sheath. 
rd.  rhynchodaeum. 
rhc.  rhynchocoelom. 
rhce.  rhynchocoelomic  epith- 
elium. 
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^dg.  superior  lobe  of  dorsal 
ganglion. 

-55.  lateral  nerve. 

VC.  ventral  commissure. 

vep.  epithelium  of  blood  vessel 
vg.  ventral  ganglion. 


Plate  I. 

Pig.  1.  Transverse  section  through  the  tip  of  the  head 

X 60. 

Fig.  2.  Tiansverse  section  taken  between  brain  and  tip 
of  snout.  X 45. 

I^ig.  3.  Transverse  section  through  hinder  part  of  brain, 
where  the  anterior  gland  of  the  cerebral  organ 
opens  near  the  end  of  the  head  slits.  x 60. 

I'lg.  4.  Transverse  section  through  dorsal  commissure 

before  the  two  limbs  of  the  cephalic  vascular 
loops  have  .fused  ventral  to  the  proboscis 
sheath,  x 46. 

I'lg.  5.  Transverse  section  through  brain  at  a level 

between  4 and  3.  x 45. 

Jig.  6.  Transverse  section  through  level  of  cerebral 

organ,  buccal  vascular  commissure  and 
(esophageal  nervous  commissure. 

Plate  II. 

Pig.  1.  Transverse  section  through  mouth  region.  The 

oesophageal  vascular  lacunae  are  just  com- 
. mencing.  x 45. 

Fig.  2.  Transverse  section  through  about  the  middle  of 
the  oesophageal  region.  x 45. 
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Fig. 

Fig. 


Fig. 

Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


6.  Transverse  section  of  epithelium  from  anterior 
intestinal  region.  x 300. 

4.  Longitudinal  vertical  section  through  brain 

taken  rather  to  one  side  of  the  median  line.  I 
X 45. 

5.  Transverse  section  through  hinder  region  of 

proboscis.  The  circular  muscles  and  nervous 
layer  have  both  disappeared.  x 120. 

6.  Transverse  section  through  proboscis  at  its 

widest — about  the  middle.  x 80. 

7.  Longitudinal  median  section  through  anterior 

end,  shewing  the  relations  of  the  proboscis  to 
the  rhynchodamm  and  rhynchocoelom  when 
retracted.  x 45.  Somewhat  schematic. 


Plate  III. 

1.  Transverse  section  through  so-called  ciliated 

canal  of  cerebral  organ,  shewing  the  seven 
large  external  cells  and  the  internal  homo- 
geneous cell  layer  all  with  crystalline  ends  | 
formed  from  fused  cilia  projecting  into  the 
lumen.  x 300. 

2.  Portion  of  intestinal  epithelium,  shewing  the 

circular  refractive  bodies  enclosed  in  the 
elongated  ciliated  cells.  x 168. 

3.  Schematic  longitudinal  horizontal  section 

through  the  cerebral  organ  of  a Heteronemer- 
tean.  (After  Burger). 

4.  Section  through  eye  just  anterior  to  the  entry 

of  the  nerve  into  the  pigmentary  layer,  x 240. 

5.  Section  through  blind  end  of  an  excretory 

tubule  (left  portion),  shewing  elongated  cilia. 

X 300. 


LINEUS. 
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Fj'g. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig.  / 
Fig.  ; 

Fig.  C 
Figs.  7 


6.  Longitudinal  horizontal  section  through  intes- 

tinal region,  shewing  the  intestinal  diverticula 
alternating  with  the  gonads.  x 45. 

7.  Flask-shaped  egg  capsule,  containing  a single 

embryo  in  the  morula  stage.  (After  M’Intosh  ) 
X 25. 

8.  Transverse  section  through  intestinal  region 

passing  between  two  diverticula.  x 45. 


Plate  IV. 

1.  Schematic  figure,  shewing  the  relations  of  the 

various  systems  in  the  anterior  end  of  the 
animal  as  viewed  from  above.  The  proboscis 
and  its  sheath,  the  oesophageal  nerves  and  the 
buccal  vessels  have  been  omitted. 

2.  Transverse  section  through  lateral  blood  vessel. 

On  the  side  of  the  alimentary  canal  the  paren- 
chyma cells  are  smaller  and  complete.  On  the 
outer  side  no  cell  wall  is  to  be  distinguished 
away  from  the  vessel.  x 168. 

3.  Portion  of  oesophageal  epithelium  from  a trans- 

verse section.  Three  kinds  of  gland  cells  are 
seen  among  the  ciliated  epithelium  and  below 

it:  (a),  (5),  and  (J).  (for  explanation  vide 

text).  X 168. 

t.  Two  spermatozoa  (after  MTntosh).  x 700. 

).  Larva  of  Desor  as  seen  from  the  ventral  surface. 
The  outer  ciliated  coat  is  not  yet  shed.  (After 
Barrois). 

I.  Young  Lineus  just  hatched.  x 40.  (After 
MTntosh). 

-11.  Diagrammatic  sections  through  larvre  of 
Lineus  at  different  stages.  (After  Hubrecht). 
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Fig.  7.  Transverse  section,  shewing  the  secondary 
epiblast  of  the  cephalic  plates  {cj).)  giadually' 
overgrown  by  the  primary  {prej).).  The  pro- 
boscidial  plate  {p^p.)  arises  antero-dorsally  by 
delaniination. 

Fig.  8.  Transverse  section  of  slightly  later  stage,  shew- 
ing the  two  invaginations  from  the  primary 
epiblast  on  either  side  of  the  blastopore,  which 
will  eventually  give  rise  to  the  .cerebral  organs 
(corg.). 

Fig.  9.  Longitudinal  section  through  a stage  slightly 
younger  than  7.  The  archenteron  is  sub- 
divided into  intestine  [mt.)  and  oesophagus, 
which  do  not  communicate. 

Fig.  10.  Horizontal  section  of  older  embryo.  Proboscis 
now  invaginated  and  mesoblast  accumulating. 
The  secondary  epiblast,  consisting  of  proboscis, 
cephalic  {cp.)  and  ventral  plates  {vp.),  now 
forms  the  external  surface  of  the  worm,  having 
sunk  in,  and  become  separated  from  the 
primary  epiblast  (^prep.).  The  section  cori'e- 
sponds  to  the  stage  shewn  in  figure  5. 

Fig.  11.  Median  longitudinal  section  through  somewhat 
later  stage.  The  hinder  portion  of  the  pro- 
boscidian mesoblast  is  now  attached.  The 
oesophagus  and  intestine  communicate.  Ph}n- 
ohocoelom  now  apparent  (rhc.). 
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THE  METHODS  and  RESULTS  of  the  GERMAN 
PLANKTON  INVESTIGATIONS,  with  SPECIAL 
REFERENCE  to  the  HENSEN  NETS. 

By  J.  T.  Jenkins,  D.Sc. 

[Read  May  10th,  1901.] 

Introduction. 

At  the  suggestion  of  Professor  Herdman  I have  under- 
taken to  draw  up  a brief  but  I trust  sufficient  account  of 
the  methods  employed  by  the  German  investigators  for 
the  estimation  of  the  Plankton,  that  is,  the  floating,  as 
distinguished  from  the  swimming,  organisms  which  occur 
at  all  times  but  in  varying  abundance  in  all  parts  of  the 
seas  and  oceans.  I do  this  the  more  readily  as  I have  had 
ample  opportunities  of  practically  making  myself 
acquainted,  during  the  past  twelve  months,  with  the 
methods  of  plankton  investigation  as  at  present  carried 
out  in  Kiel,  and  as  no  account  of  these  methods  yet  exists 
in  English. 

A short  account  of  the  resultsy  which  are  of  great  and 
far-reaching  importance,  already  obtained  by  the  German 
workers,  has  also  been  appended ; but  this  latter  part  is 
somewhat  brief,  and  serves  more  as  an  indication  of 
the  direction  in  which  results  have  been  already  obtained 
than  as  a summary  of  the  results  themselves.  Sufficient 
references  are,  however,  given  to  the  literature  to  enable 
any  one  who  might  care  to  devote  further  study  to  the 
question  to  find  a full  and  adequate  account  of  the  con- 
clusions already  obtained.  The  plankton  estimation 
methods  of  the  Germans,  the  credit  for  initiation  of  which 
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is  due  to  Ileiiseii  (1),*  differ  from  and  mark  an  advance 
on  the  meiliods  hitherto  employed  in  Ihi^land,  inasmucli 
as  no  attem])t  is  made  in  ihe  latter  country  to  arrive  at  a 
(|uaiititative  as  distinguished  from  a qualitative  result. 

The  questions  that  Henseii  atteni])ts  to  answer  are,  1, 
AVhat  does  the  sea  coutaiii  at  a given  time  iu  the  shape 
of  living  organisms  in  the  plankton  ^ and,  2,  How  does 
this  material  A^ary  from  season  to  season  and  from  year 
to  year? 

It  may  he  ])ointed  out  that  the  results  obtained  hy  the 
German  investigators  are  largely  due  to  the  liberal  atti- 
tude taken  hy  their  Government  with  regard  to  subsi- 
dising scientific  investigation  of  problems  connected  with 
the  Sea-Fisheries.  It  is  to  he  hoped  that  the  Irish  Sea 
may  he  subsequently  investigated  in  like  manner.  A 
comparison  with  the  results  already  obtained  for  the  North 
and  Baltic  Seas  could  not  fail  to  be  of  interest  and  to 
yield  important  results. 

In  the  preparation  of  this  paper,  which  is,  of  course, 
largely  a compilation  from  the  literature  already  published 
in  German  (a  list  of  the  more  important  works  is  appended), 

I have  received  much  assistance  from  Professor  Brandt, 
to  whom  my  best  thanks  are  due  both  for  the  assistance 
given  me  and  for  permission  to  photograph  the  apparatus 
at  present  in  use  in  the  Zoological  Institute  at  Kiel.  In 
addition,  I have  to  thank  Professor  Yanhoffen  and  Hr. 
Apstein  for  their  unfailing  readiness  to  assist  me  in 
matters  of  difficulty. 

Of  the  figures,  numbers  2,  3 and  6 are  taken,  by  per- 
mission, from  Hr.  Apstein’s  ‘‘ Stisswasser  Plankton”  (5). 
Figs.  8 and  9 are  from  Prof.  Brandt’s  work  on  “Hie 
Fauna  der  Ostsee  ” (7).  Fig.  10  is  from  Prof.  Hensen’s 

( 

* The  numbers  in  parentheses  refer  to  the  list  of  papers  at  the  end  (p.  341).  ) 
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work  on  the  quantitative  estimation  of  the  smaller 
plankton  organisms  (11).  The  other  figures  are  repro- 
ductions of  photographs  that  I have  taken  of  the  apparatus 
as  at  present  in  use. 

The  Nets  and  Methods. 

The  nets  devised  by  Hensen  for  the  quantitative  deter- 
mination of  the  plankton  are  of  two  kinds,  vertical  and 
horizontal,  according  to  the  way  they  are  used.  Of  these 
the  vertical  alone  are  used,  the  difficulties  in  the  case  of 
the  horizontal  nets  being  at  present  insuperable.  The 
principle  of  the  use  of  the  vertical  net  consists  in  that  it 
is,  in  the  form  of  an  inverted  truncated  cone,  lowered 
perpendicularly  in  the  water  to  a required  depth,  and  then 
raised  to  the  surface  also  perpendicularly.  By  this 
method  a cylindrical  column  of  water  filters  through  the 
net,  and  its  planktonic  contents  are  captured.  Now  the 
volume  of  this  cylindrical  column  of  water  can  be  calcu- 
lated since  the  depth  to  which  the  net  is  sunk  is  known, 
as  is  also  the  area  of  the  net  opening.  The  first  and  most 
important  requisite  of  the  Hensen  net  is  that  it  should 
capture  the  whole  of  the  plankton  in  an  exactly  known 
volume  of  water,  so  that  on  every  occasion  not  only  must 
the  whole  of  the  plankton  remain  in  the  net,  but  the  exact 
volume  of  water  which  has  filtered  through  must  be 
calculated. 

It  is  perfectly  obvious  that  not  so  much  water 
passes  through  the  net  as  would  pass  through  a ring  of 
equal  diameter  to  that  of  the  mouth  of  the  net,  which  had 
nothing  attached  to  it.  It  is  also  clear  that  a square 
centimetre  of  the  net  would  let  through  more  water  if  it 
were  composed  of  a single  mesh  than  if,  as  is  really  the 
case,  it  is  composed  of  a large  number  of  minute  meshes, 
each  bounded  by  a square  of  silk  fibre.  Therefore  it  is 


‘28‘2  TRANSACTIONS  LIVERPOOL  RIOLOGICAL  SOCIETY. 

important  to  know,  for  oacli  variety  of  tlio  silk  bolting 
cloth  of  which  the  net  is  com])ose(I,  how  much  water  for  a 
jT'iven  jiressure  and  in  a ^iven  time  ]>asses  throng-h  a siiuare 
centimetre.  Ilensen  has  witli  this  object  in  view  con- 
structed a very  ingenious  a])paratus  and  by  means  of 
numerous  experiments  has  calculated  the  filtration 
capacity  of  each  net-substance  (1.  page  12).  In  addition 
to  these  ex])eriments  another  set  is  necessary  in  order  to 
determine  the  filtration  cajiacity  of  the  net  itself,  and  in 
order  to  make  this  calculation  easier  the  net  must 
be  exactly  conical,  and  to  that  end  great  care  must  be 
exercised  in  its  construction.  Even  then  an  exceedingly 
laborious  and  difficult  calculation  is  necessary  for  each 
separate  net.  From  the  depth  of  water  to  which  the  net  is 
sunk,  from  the  quantity  or  volume  of  water  through  which 
it  passes,  from  the  speed  with  which  it  is  drawn  up,  and 
from  the  filtration  capacity  of  the  net  substance  and  of  the 
net  itself,  Hensen  has  finally  calculated  what  fraction  of 
the  water  column  through  which  the  net  has  been  hauled 
passes  through  the  net  itself,  and  what  fraction  has  escaped 
over  the  edge  of  the  ring.  The  number  of  organisms 
captured  in  the  net  is  thus  brought  into  relation  with  the 
column  of  water  through  which  the  net  has  passed,  and  so 
with  any  given  portion  of  the  sea. 

By  means  of  a closeable  net,  observations  can  be  made 
at  any  depth  required.  The  net  is  lowered  vertically  to 
a given  depth  while  open,  but  in  a collapsed  condition, 
so  that  practically  nothing  gets  into  it  through  the  ring. 
The  water  that  passes  in  at  first  does  so  through  the 
meshes  of  the  net.  Then  it  is  hauled  up  vertically 
through  a given  height,  and  by  means  of  a weight  which 
runs  down  the  rojie  it  becomes  closed,  and  is  then  hauled 
on  l)oard  so  tliat  the  organisms  in  the  water  at  the  required 
de])th,  say  from  1, ()()()  to  5()0  metres,  are  captured. 
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The  Vertical  Net. 

The  large  vertical  plankton  net  consists  essentially  of 
three  parts: — 1.  The  conical  head  piece  (Fig.  1,  ^).  2.  The 
net  itself,  B ; and  3,  a metal  cylinder  or  bucket  suspended 
at  the  apex  of  the  net,  C. 


Fig.  1. 

The  newest  form  of  the  net  is  here  described,  and  the 
description  therefore  differs  in  some  details  from  that  given 
by  Hensen  (1). 

The  head  piece  consists  of  a circular  iron  ring,  e,  of 
38  cm.  diameter,  so  that  the  area  of  the  mouth  of  the  net  is 
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ono-tentli  of  a s(|uarc  iiiotrc,  to  wliioli  aro  attached  thrc'c 
iron  rods,  each  40  cm.  lono-,  wliicli  are  in  tnrn  attaclied  1o 
another  broad  and  flat  iron  rinj]^,  <1,  of  100  cm.  diaimdm-. 
The  iron  rods  are  at  their  npjier  ends  bent  into  hook-like 
rings,  to  which  rojies  are  attached.  The  whole  of  tliis 

head  piece  is  covered  with  fustian.  This  part  serves  to 

prevent  mud  or  slime  getting  into  the  net  when  it  is 
lowered  on  to  very  soft  ground.  The  edge,  d,  sinks  to 
some  extent  in  the  mud,  but  only  when  the  edge,  e,  sinks 
below  the  surface  of  the  mud  can  the  latter  enter  the  net. 
Only  very  occasionally  was  the  head  piece  found  to  be  not 
sufficiently  high.  It  is  also  useful,  as  it  serves  to 
prevent  part  of  the  catch  from  overflowing  the  ring  d,  for 
instance,  should  the  ship  during  the  time  the  net  is  out 
sink  to  the  trough  of  a w^ave,  the  net  might  at  the  same 
time  be  raised  and  its  contents  be  spilt.  The  net  is  also 
liable  to  collapse  in  a short  choppy  sea.  The  space  in 
the  headpiece  serves  to  prevent  these  accidents,  as  the 
volume  of  water  momentarily  jerked  out  of  the  net  proper 
is  retained  in  this  space  and  subsequently  filters  through 
the  net  itself.  To  the  iron  ring,  d,  is  suspended  a rope 
sewn  on  witli  linen,  and  from  this  the  silk  net  passes  to  a 
brass  ring.  The  net  has  a funnel-shaped  form.  An 
improvement  would  be  effected  if  it  were  possible  to  make 
it  cylindrical. 

To  the  brass  ring,  f,  a filtering  cylinder  or  bucket  is 
suspended.  rVfter  many  experiments  Hensen  came  to 
the  conclusion  that  the  most  suitable  material  for  the  net 
itself  was  silk  bolting  cloth  or  gauze  (“Mtillergaze”),  being 
the  material  used  by  millers  to  separate  flour  of  different 
qualities.  This  silk  bolting  cloth  is  numbered  accoiding 
to  the  meshes  of  the  silk.  There  are  twenty  varieties,  of 
which  the  highest  number  has  the  smallest  mesh.  The 
web  is  very  ingeniously  constructed,  so  that  the  threads 
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of  the  network  cannot  become  displaced,  and  the  areas  of 
the  meshes  are,  as  a rule,  very  similar.  As  a rule  the 
mesh  numbered  20  has  been  used,  and  for  this  number  and 
6 the  number  of  meshes  per  square  centimetre  and  the 
length  of  a side  of  a single  mesh  are  given.  For  number 
5 each  square  centimetre  has  on  the  average  763  meshes, 
and  the  length  of  each  mesh  is  0'2  mm.  In  number  20 
the  number  of  meshes  is  5,926  and  the  length  of  side 
0'05  mm.  With  the  latter  mesh  most  of  the  Diatoms 
would  be  captured,  though  it  would  occasionally  happen, 
when  they  approached  the  mesh  in  the  direction  of  their 
longitudinal  axis,  that  they  slipped  through. 

The  silk  bolting  cloth  must  be  so  arranged  between  the 
two  rings  that  it  cannot  become  folded.  It  is  advisable  in 
the  first  place  to  cut  out  a paper  pattern,  the  silk  cloth  can 
then  be  cut  accordingly.  The  net  should  have  the  form 
of  a truncated  cone  (Fig.  2). 


Let  R and  r be  the  radii  of  the  larger  and  smaller  rings 
respectively,  and  let  y be  the  height  of  the  covering ; let 
X be  the  length  of  the  truncated  portion.  These  are  the 
dimensions  chosen  for  the  particular  net.  It  is  necessary 
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to  find  the  angle  to  which  the  cloth  must  he  cut.  This  is 
calculated  as  follows:  — 

X x~\~  H — V : R 

That  is  a-  = 

R — r 

Now  suppose  the  conical  mantle  is  unrolled  (Fig.  T). 
Then  it  f(dlows  that  the  segment  of  the  circle  subtended 
hy  the  angle  a hears  to  the  circumfereuce  of  the  circle 
llie  ratio  of  a to  d(iO^. 

, 'Ixtt  P)()0 
Conse(|nently  , — 

Therefore  a = 

X 

For  the  large  plankton  net.  used  in  marine  investiga- 
tions R is  50  cm.,  r is  10  cm.,  and  y is  144  cm. 

AVhen  the  net  is  cut  out  according  to  the  above  pattern, 
an  extra  inch  of  cloth  must  he  allowed  on  all  sides,  so  that 
the  edges  ^1  C and  R D (fig.  d)  may  he  sewn  together  hy 
means  of  a fine  needle.  The  silk  cloth  along  the  line  A Ji 
is  sewn  on  to  the  upper  ring,  and  along  the  line  (7  it  is 
fastened  between  the  metal  cylinder  and  a brass  ring. 

There  are  several  varieties  of  the  metal  cylinder,  or 
bucket,  that  is  attached  to  the  apex  of  the  net.  One  only 
is  described  here  (Fig.  4).  The  upper  part  of  the  cylinder 
is  formed  of  a brass  ring,  B,  which  by  means  of  three 
screws,  s,  is  fastened  on  to  a brass  ring  of  similar  circum- 
ference at  the  apex  of  the  net.  The  walls  of  the  upper 
part  of  the  cylinder  are  composed  of  silk  bolting  cloth,  c. 
The  lower  part  of  the  cylinder  is  of  brass,  which  is  painted 
green.  By  means  of  a turncock,  t,  the  catch  can  be  run 
off  into  the  filtrator. 

The  filtrator  (FTg.  5)  consists  of  four  principal  parts,  a 
metal  base  (ni),  a removable  glass  plate  [g),  the  filter  itself 
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{F),  and  a metal  funnel  (IJ),  wliicli  fits  exactlj^  into  the 
filter.  The  catch  is  carefully  filtered,  and  then  the  metal 
funnel  (D)  is  removed.  On  unscrewing  the  screw  (5)  the 
brass  rod  (h)  can  be  moved  downwards,  while  the  arms  (a) 
are  moved  njiwards,  and  then  the  filter  and  glass  plate  can 
be  removed.  The  catch  remains  on  the  glass  plate. 


Fig  4. 


The  use  of  the  vertical  net  at  sea  is  attended  with 
many  difficulties.  In  the  first  place  the  ship  must  be 
brought  to,  and  even  then  it  is  impossible  that  a large 
ship  can  remain  perfectly  still  during  the  time  necessary 
for  lowering  and  hauling  in  the  net.  The  strain  on  the 
net  while  being  lowered  and  drawn  up  is  controlled  by 
means  of  the  apparatus  well  known  in  dredging  as  an 
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“ accumulator.”  This  apparatus  consists  essentially  of 
two  iron  rods  bound  tog'etlier  by  strong  caoutchouc  bands, 
and  fastened  to  a s])ar  attached  to  the  fore  mast.  To  the 
under  end  of  the  accumulator  a jiulley  is  attached,  over 
which  runs  the  rope  attached  to  the  net.  The  elasticity 
of  the  caoutchouc  regulates  the  speed  at  which  the  net  is 


Fig.  5. 

hauled  in,  and  the  degree  of  extension  of  the  caoutchouc 
bands  gives  one  an  idea  of  the  strength  of  the  pull,  so  that 
one  can  avoid  the  breaking  of  the  rope  and  the  loss  of  the 
valuable  net. 

The  washing  down  of  the  plankton  into  the  metal 
cylinder  at  the  base  of  the  net  is  important,  as  when  the 
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net  is  first  hauled  up  a large  quantity  of  the  catch  remains 
lodged  just  above  the  lower  ring  (Fig.  1,  d).  The  washing 
is  best  accomplished  by  directing  a stream  of  sea  water 
on  to  the  outside  of  the  net  by  means  of  a hose,  or  if  that 
is  impracticable  by  throwing  buckets  of  water  on  to  the 
net,  care  being  taken  that  nothing  enters  the  net  through 
the  ring. 

The  Horizontal  Net. 

In  addition  to  the  vertical  net  a horizontal  net  has  been 
devised,  that  is  to  say,  a net  which  is  towed  along 
through  the  water  in  a horizontal  direction,  with 
the  opening  of  the  net  forward.  This  net  can  only 
be  used  in  the  upper  layers  of  the  water,  and  when  the 
ship  is  passing  over  a certain  definite  course,  the  length 
of  which  is  given  by  the  log.  The  construction  and  use 
of  this  net  also  presents  many  difficulties,  the  chief  being 
the  strong  pull  brought  to  bear  on  the  net  owing  to  the 
variable  speed  with  which  it  is  drawn  through  the  water. 
An  alternative  method  to  the  use  of  this  net  is  to  pump 
up  the  water  on  deck  by  means  of  a steam  pump,  and 
there  filter  it. 


Preservation  of  the  Catch. 

The  catch  is  first  of  all  freed  from  sea  water  in  the 
filtrator,  in  which  'similar  silk  bolting  cloth  to  that  of  the 
net  is  used.  Several  kinds  of  preservative  fluids  have  been 
recommended.  Hensen  first  of  all  tried  picrosulphuric 
acid,  but  this  has  proved  unsatisfactory.  Carbonate  of 
lime  is  dissolved  out  by  this  reagent,  and  the  shells  of 
Foraminifera  are  entirely  destroyed.  In  addition  the 
exoskeletons  of  the  Copepoda  also  contain  calcium  car- 
bonate, which  is  dissolved  out.  Under  certain  conditions 
Flemming’s  solution  (chromo-aceto-osmic  acid)  may  be 


T 
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used,  but  an  excess  of  osmic  acid  should  be  avoided. 
Perhaps  the  best  preservative  is  alcohol.  This  had  betier 
be  used  at  first  in  a weak  solution.  The  strength  of  the 
solution  can  be  subsequently  increased  to  the  point  desired. 

The  Estimation  of  the  Catch. 

The  most  difficult  part  of  the  whole  undertaking  is  the 
work  on  land,  consisting,  as  it  does  in  the  estimation  of 
the  catch  in  so  exact  a manner  that  the  plankton  in  the 
sea  in  different  places  or  in  the  same  place  at  different 
times  may  be  quantitatively  compared.  This  estimation 
may  be  conducted  in  several  different  ways,  each  of  which 
is  summarised  and  discussed  by  Hensen. 

There  are  four  chief  methods  of  estimation,  namely  : — 
1.  Volume  estimation.  2.  Estimation  by  weight.  3. 
By  chemical  analysis.  4.  By  enumeration  of  the  indi- 
vidual organisms. 

Taking  first  of  all  the  method  of  estimation  by  volume, 
we  find  that  the  simplest  method  is  by  allowing  the 
plankton  to  settle  down  in  a glass  vessel.  The  catch 
is  first  of  all  thoroughly  shaken  up  in  alcohol  in 
a glass  measuring  cylinder,  and  allowed  to  stand  for  at 
least  twenty-four  hours.  This  shaking  up  had  better  be 
centrifugal  when  the  plankton  contains  a large  number  of 
Diatoms  or  Peridinese,  as  the  subsequent  deposition  of 
these  organisms  is  thereby  facilitated.  At  the  end  of 
this  time  the  plankton  material  has  settled  down  at  the 
bottom  of  the  vessel,  and  forms  a more  or  less  deep  layer. 
The  depth  of  the  layer  can  then  be  read  off  in  centimetres, 
which  are  marked  on  the  outside  of  the  glass  cylinder.  It 
is  of  the  utmost  importance  that  the  catch  should  remain 
perfectly  still,  because  the  least  disturbance  causes  the 
layer  of  deposit  to  become  thicker.  By  this  means  the 
crude  or  rough  volume  (“  Bohvolumen  ” of  Schiitt)  is 
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obtained.  The  results  obtained  by  this  method  can  be 
readily  compared  with  one  another,  but  do  not  by  any 
means  give  the  true  volume,  because  a certain  amount  of 
fluid  occupies  the  spaces  between  the  individual 
organisms. 

It  is  possible  that  the  plankton  on  several  different  days 
might  yield  like  results  according  to  this  method,  and 
yet  be  essentially  quite  different.  For  instance,  the 
plankton  might  be  one  ccni.  per  day  for  several  successive 
days.  Then  according  to  the  volume  estimation  method 
one  would  be  constrained  to  say  that  the  plankton  had 
remained  the  same.  The  enumeration  of  the  individual 
constituents  might  however  show  that  while  the  total 
volume  had  remained  the  same,  the  individual  species  had 
undergone  a remarkable  variation.  Hence  the  importance 
of  the  last  of  the  four  methods,  the  estimation  by  counting. 
The  presence  or  absence  of  certain  forms  makes  a great 
difference  in  the  volume  of  the  catch,  which  may  be  out 
of  all  proportion  to  their  importance  for  the  particular 
object  of  the  experiments.  Again,  certain  forms  take  a 
much  longer  time  to  settle  down  than  others.  Catches 
in  which  Dinoflagellata  preponderate  settle  down  very 
rapidly,  and  only  require  a few  hours.  Copepoda  also 
settle  down  quickly,  and  after  twenty-four  hours  a correct 
result  can  be  obtained.  The  Diatomacese  are  very  trouble- 
some, and  when  they  are  present  in  large  quantities  they 
tend  to  nullify  the  results,  and  a true  estimation  of  the 
volume  can  only  be  obtained  after  waiting  for  a very  long 
time.  When  Salpse  and  similar  animals  are  present,  the 
estimation  becomes  so  imperfect  that  the  large  individuals 
require  to  be  separately  estimated. 

Another  objection  to  the  estimation  of  volume  by  this 
method  is  that  a varying  amount  of  fluid  fills  up  the  spaces 
between  the  organisms.  An  attempt  has  been  made  to 
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avoid  this  objection  in  the  second  metliod  of  volume 
estimation. 

According  to  this  method  the  catcdi  is  filtered  through 
the  finest  silk  cloth.  Filter  paper  is  of  no  use,  as  so  many 
organisms  remain  immovahly  attached  to  it.  The  damp 
mass  of  the  plankton  is  then  introduced  into  a glass 
measuring  cylinder,  in  which  an  exactly  known  volume 
of  alcohol  is  contained.  The  height  of  the  mixture  of 
plankton  and  alcohol  is  now  measured.  The  difference 
between  this  and  the  previous  measurement  gives  us,  of 
course,  the  volume  of  the  catch.  This  method  is  good, 
but  not  always  ])racticable  because  on  account  of  the 
extremely  small  catches  occasionally  made  there  is  hardly 
any  appreciable  difference  in  the  two  measurements. 
This  method  gives  what  Schiitt  terms  the  “ Dichtes 
Volnmen.  There  is  yet  another  way  of  arriving  at  the 
“ Dichtes  Yoliimen.”  The  volume  of  the  catch  and  fluid 
is  first  of  all  measured.  Then  the  catch  is  filtered,  and 
the  filtrate  measured.  The  difference  gives,  of  course, 
the  volume.  This  method  is  applicable  for  catches  that 
consist  of  microscopic  material.  Hensen  considers  it  gives 
inaccurate  results.  The  only  way  of  arriving  at  the  true 
volume  of  an  organism,  that  is  the  sum  of  the  volumes 
of  the  individuals  without  the  adhering  particles 
of  fluid,  would  be  to  estimate  the  average  volume  of  an 
individual  of  the  species,  then  count  the  number  in  the 
catch,  and  multiply  the  average  volume  by  the  number 
in  the  catch.  This  estimation  is,  however,  too  difficult, 
and  requires  too  much  time  to  be  practicable.  The 
absolute  volume,  that  is  the  volume  of  the  dry  substance, 
would  give  us  the  most  complete  idea  of  the  volume  of  a 
plankton  collection.  No  method  has  as  yet  been  devised 
for  its  estimation.  The  second  method,  that  of  ’weight 
estimation,  is  very  simple,  but  has  gradually  been  replaced 
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by  the  third  method,  that  of  chemical  analysis.  The 
weight  estimation,  when  practicable,  gives  ns  the  best 
estimation  of  mass.  It  has,  however,  one  decided  dis- 
advantage, and  that  is  any  material  investigated  in  this 
way  is  invariably  destroyed,  so  that  it  cannot  be  employed 
in  cases  where  it  is  desired  to  preserve  the  material,  as  in 
the  case  of  oceanic  expeditions  which  have  been  fitted 
out  at  great  cost. 

The  third  method,  that  of  chemical  analysis  has  been 
developed  by  Brandt  (7).  The  method  was  also  employed 
by  Hensen  in  his  first  plankton  estimation  work.  The 
results  of  these  two  methods  are  described  further  on. 
The  methods  are  briefly  : 

1.  The  weight  in  the  damp  condition,  in  addition  to  the 

volume  of  the  mass  after  settling  down. 

2.  The  dry  weight. 

3.  The  weight  of  ash.  The  difference  between  2 and  3 

gives  the  weight  of  dry  organic  substance. 

4.  The  percentage  of  silica.  Obtained  by  weighing  the 

residue  insoluble  in  water  and  acids. 

These  methods  may  either  be  employed  for  the  whole 
of  the  catch  or  for  certain  constituents  of  the  same  as,  for 
example,  for  Copepoda  or  Ceratium. 

For  chemical  investigation  only  fresh  material  or 
material  preserved  in  alcohol  can  be  investigated.  By 
the  use  of  all  other  preservatives  either  some  of  the  sub- 
stance of  the  catch  becomes  lost  or  destroyed  or  else  some 
of  the  preservative  medium  remains  behind  and  vitiates 
the  results.  For  killing  and  preservation  pure  rectified 
spirit  (70  per  cent.)  was  found  most  suitable,  and  for  the 
preservation,  bottles  and  flasks  with  glass  stoppers  must  be 
used.  If  it  is  wished  to  analyse  a separate  portion  of  the 
catch,  the  separation  of  such  portion  must  be  made  before 
the  organisms  are  killed.  This  can  be  done  by  the  use 
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of  Silk  clotli  of  (lifferonl,  sized  moslios.  A dilliciiHy 

in  the  chemical  investigation  method  is  the  getting  riil 
of  the  salt  -water  which  adheres  to  the  organisms.  In  the 
filter  most  of  the  water  filters  through,  hut  a certain 
amount  invariably  remains  hehind.  The  difficulty  may 
be  avoided  in  two  ways,  either  by  washing  the  organisms 
on  the  silk  cloth  with  fresh  water  or  by  making,  by  means 
of  a chlorine  estimation,  an  estimate  of  the  amount  of 
salt  retained  on  the  average  in  a catch  of  given  volume 
or  weight.  The  former  method  is  the  more  successful  one. 

For  the  dry  weight  estimation  the  total  catch  is  first 
of  all  dried  in  a water  bath  at  a temperature  of  100°  0 
Then  it  IS  ])laced  in  a desiccator  containing  strong 
sulphuric  acid  until  the  weight  becomes  constant.  Then 

it  is  weighed  by  means  -of  a Bunge’s  balance  to  the  nearest 
0'0005  gram. 

The  analytical  methods  consist  of  (1)  Estimation  of 
carbon  and  hydrogen.  2.  Estimation  of  nitrogen.  d 
Ether  extract.  4.  Estimation  of  ash.  5.  Estimation  of 
chlorine.  (i.  Estimation  of  silica.  Occasionally  the 
quantity  of  cliitin,  cellulose  or  the  soluble  carbohydrates 
were  estimated.  A detailed  consideration  of  these  methods 
is  beyond  the  scope  of  the  present  summary. 

Ihe  last  and  perhaps  the  most  satisfactory  method  of 
investigation  is  that  of  the  enumeration  of  the  individual 
constituents  of  the  plankton.  This  method  gives  us  a far 
better  idea  than  any  other  of  the  nature  and  variability  of 
the  plankton.  It  is  obviously  impossible  to  count  all  the 
individuals  of  the  catch,  as  the  following  facts  prove.  On 
one  occasion  Hensen  found  in  one  cubic  metre  of  water 
from  Kiel  harbour  Id  million  individuals  of  Ceratium 
tripos,  and  on  another  occasion  102  million  Rhizoso- 
lenia  semispina.  In  the  first  place  the  excess  of 

the  preservative  fluid  is  decanted  off,  and  the 
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catch  diluted  with  water  until  a given  volume  is 
reached.  This  is  the  first  dilution.  If  the  catch  has  been 
preserved  in  alcohol,  the  latter  must  he  thoroughly  washed 
out  with  water,  and  this  operation  takes  several  days. 
Suppose  the  volume  of  the  catch  has  been  diluted  with 
water  to  50  ccm.,  it  is  evident  that  in  each  ccm.  of  this 
dilution  the  different  organisms  are  present  to  a very 
varying  extent.  When  the  volume  has  been  thoroughly 
shaken  up,  we  find  perhaps  in  one  ccm.  one  Leptodora  and 
‘300,000  Melosira.  The  examples  given  in  the  estimation 
detailed  below  are  from  fresh  water  plankton.  An  even 
greater  variation  occurs  in  the  case  of  salt  water 
organisms.  It  may  here  .be  mentioned  that  the  method 
of  enumeration  and  the  forms  employed  for  entering  the 
results  of  the  same  are  exactly  the  same  for  both  salt  and 
fresh  water  planktonic  investigations.  Now  the  enumera- 
tion of  300,000  Melosira  is  obviously  impossible,  so  for 
the  enumeration  of  the  more  abundant  individuals  we  have 
to  make  a second  dilution.  In  the  present  instance  we 
take  from  the  50  ccm.  of  the  first  volume,  say  2'5  ccm., 
after  the  volume  has  been  well  shaken  up  in  order  that 
the  organisms  may  become  as  evenly  distributed  as  pos- 
sible, and  dilute  this  a second  time  until  it  becomes 
50  ccm.,  then  we  have  in  this  second  dilution  in  every  ccm. 

= ISjOOO  Melosira.  From  this  second  dilution 

50  X 2*5 

we  count  out  the  number  of  Melosira  in  one-tenth  of  a 
ccm.,  that  is,  1,500.  In  this  mass  of  water  it  is  possible 
that  we  should  not  find  any  individuals  of  the  rarer 
species,  so  that  when  we  wished  to  count  these,  the  dilu- 
tion would  not  have  to  be  carried  so  far,  that  is,  10  ccm. 
of  the  first  dilution  would  be  diluted  up  to  50  ccm.  For 
the  still  rarer  forms  the  first  volume  itself  would  have  to 
be  taken  for  the  purpose  of  counting. 


296  TRANSACTIONS  LIVERPOOL  BIOLOGICAL  SOCIETY. 


For  the  extraction  from  the  diluted  solution  of  an 
accurately  known  volume  of  li(|uid,  Hensen  has  devised 
a form  of  apparatus  known  as  the  “ Stenipelpipette,”  that 
is  a pipette  furnished  with  a piston  (see  fig.  6).  This 
instrument  consists  of  a strong  glass  tube  (7f),  the  under 
surface  of  which  is  cut  off  quite  evenly.  This  tube  con- 


tains a moveable  piston,  consisting  of  alternating  cork  (e) 
and  metal  (m)  plates,  securely  fastened  together  by  two 
screws.  To  this  piston  a metal  cylinder  (??)  is  screwed, 
and’ this  must  exactly  fit  the  glass  tube.  From  this  metal 
cylinder  a quantity  of  metal  is  cut  off  so  that  between  it 
and  the  glass  tube  an  exactly  known  volume,  say  one  ccm., 
remains.  In  order  to  do  this,  first  of  all  a certain  quantity 
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of  metal  is  cut  away  from  the  cylinder.  The  pipette  is 
weighed.  The  cavity  is  then  filled  with  mercury,  and  the 
pipette  re-weighed.  The  weight  of  a ccm.  of  mercury 
is  known,  and  more  and  more  metal  is  cut  away  until  the 
difference  between  the  two  weighings  becomes  equal  to 
this.  There  are  six  such  pipettes  in  common  use,  of 
capacities  OT,  0*2,  0'5,  1,  2 b and  5 ccm.  These  pipettes 
are  passed  through  a strong  cork  (k),  which  is  fitted  into 
a glass  vessel  with  strong  walls.  The  fluid  is  poured  into 
the  latter  vessel,  and  thoroughly  shaken  up,  so  that  the 
plankton  becomes  evenly  distributed  throughout  the 
whole  volume,  and  as  soon  as  this  is  the  case  the  piston 
is  pulled  quickly  up  into  the  glass  tube,  so  that  the  space 
(n)  between  the  metal  cylinder  and  the  walls  of  the  tube 
contains  an  exactly  known  volume  of  liquid.  Before  this 
fluid  is  subsequently  emptied  out  it  is  as  well  to  smear 
the  under  end  of  the  glass  tube  with  a little  fat,  as  other- 
wise a drop  of  the  fluid  might  easily  hang  there.  After 
the  volume  has  been  ejected  from  the  pipette,  the  latter 
is  washed  out  with  a little  water,  so  that  no  organisms 
may  remain  behind.  It  is  impossible  to  use  the  ordinary 
measuring  pipettes  in  this  connection,  because  the  open- 
ing is  so  small  as  to  become  stopped  up  by  some  of  the 
larger  organisms. 

If  the  dilution  is  sufficient  for  the  immediate  purpose, 
the  counting  may  now  commence,  and  for  this  a special 
form  of  microscope  (fig.  7)  has  been  devised.  This  micro- 
sco])e  has  a very  large'  mechanical  stage,*  which  is  able  to 
carry  a glass  plate  of  II'5  by  10  cm.,  and  this,  by  means 
of  two  screws,  can  be  moved  at  will  in  either  of  two  direc- 
tions, from  or  to  the  observer,  or  sideways.  This  glass 


* ^Mechanical  stages  are  supi)lied  by  Zwickert,  Optician,  Kiel,  and  are 
made  to  fit  suitable  microscopes,  from  GO  marks  upwards. 
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plate  is  engraved  with  fine  lines  cut  in  hy  means  of  a 
diamond,  and  each  plate  has  a definite  linear  system. 
When  the  glass  plate  is  in  focus  two  parallel  lines,  in  a 
direction  perpendicular  to  the  observer,  are  seen.  When 
the  side  screw  is  turned  successive  lines  are  brought  into 
the  field  of  view.  The  rotation  of  the  other  screw 
gradually  brings  into  view  the  whole  of  the  space  between 


Fig.  7. 

two  given  lines.  The  whole  glass  plate  can  thus,  starting 
from  oae  comer,  be  gradually  brought  into  the  field  of 
view,  and  no  part  of  it  can  possibly  be  overlooked.  When 
a known  volume  of  the  diluted  fluid  is  brought  on  to  the 
glass  plate  the  number  of  individual  organisms  of  a given 
species  can  be  readily  determined,  but  the  dilution  is  best 
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arranged  so  that  not  more  than  one  thousand  and  not  less 
than  one  hundred  of  the  organisms  are  found  at  one  time 
on  the  glass  plate.  When  the  number  of  a single  species 
only  is  enumerated  at  one  time  the  counting  is  a simple 
matter,  and  is  easily  carried  out.  The  plate  is  carefully 
looked  over  and  every  individual  as  it  comes  into  the 
field  of  view  is  counted.  In  this  way  the  total  number  of 
the  individuals  on  the  glass  plate  is  arrived  at,  and  the 
amount  of  the  dilution  being  known  the  total  number  of 
individuals  of  that  species  in  the  catch  can  be  calculated. 
Suppose,  for  example,  the  dilution  to  be  ten  times  the 
original  volume  and  that  one  ccm.  of  the  diluted  portion 
is  used  for  the  purpose  of  enumeration,  and  55  Clathro- 
mystis  were  found,  then  the  total  number  in  the  catch  of 
50  ccm.  would  be  55  x 10  x 50,  that  is,  27,500  individuals. 

When  it  becomes  necessary  to  count  the  dijfferent 
species  of  a genus,  or  a number  of  difierent  species  of 
plants  or  animals  from  the  same  plate,  it  is  found  expe- 
dient to  adopt  a labour-saving  device  suggested  byHensen. 
A box,  divided  into  as  many  different  compartments  as 
there  are  species  to  be  counted,  and  having  each  compart- 
ment labelled  with  the  names  of  the  species,  is  used  for 
this  purpose.  The  plate  containing  the  various  organisms 
is  now  brought  under  observation,  and  as  each  individual 
of  a given  species  comes  into  view,  the  observer  drops  a 
token  of  some  kind  (button  or  coin)  into  the  compartment 
labelled  with  the  name  of  the  species.  In  this  way  a 
plate  with  fifty  different  species  can  be  easily  investigated. 
The  method  is,  of  course,  more  practicable  for  the  rarer 
individuals.  The  first  organisms  to  be  enumerated  are 
usually  the  Diatomacese,  as  they  are  at  certain  seasons  the 
most  numerous  constituents  of  the  plankton.  Firstly  a 
strongly  diluted  portion  of  the  catch  is  taken,  and  about 
one-tenth  of  a ccm.  of  the  fluid  is  placed  on  the  glass  plate. 
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The  mag'll ihcatioii  required  for  Diatoms  and  other  small 
algrn  is  about  100.  The  amount  of  the  fluid  and  the 
largeness  of  the  magnification  offer  difficulties  in  the  way 
of  a successful  counting.  The  amount  of  the  fluid  is  so 
great  that  all  the  Diatoms  in  a given  field  of  view  will 
not  he  in  focus  together,  so  that  it  is  found  convenient  to 
count  the  diatoms  dry.  The  water  is  therefore  evaporated 
hy  the  plate  being  placed  in  the  rays  of  the  sun,  or  by 
being  placed  on  the  top  of  a paraffin  bath,  or  any  such 
suitable  warm  place. 

On  account  of  the  mixing  of  the  organisms  and  the 
diluted  fluid  not  being  quite  uniform,  different  enumera- 
tions for  the  same  species  give  different  results  from 
different  plates,  so  that  it  becomes  necessary  to  con- 
sider how  many  enumerations  are  requisite  in  order 
to  ffive  an  averag'e  from  which  the  total  number 
of  individuals  in  the  whole  catch  may  be  accurately 
deduced.  In  general,  it  may  be  said  that,  for  the 
species  which  occur  most  abundantly,  when  a fraction, 
say  one-tenth  of  the  square  root  has  been  counted  it  will 
be  found  sufficient  to  afford  a basis  for  the  calculation 
of  the  total  number.  For  instance  (see  form , pp.  302-3) 
we  might  have  on  the  first  plate  43  examples  of  Melosira, 
and  as  we  know  that  the  fraction  of  the  total  volume  taken 
for  the  purpose  of  calculation  was  one  ten-thousandth  part 
of  the  whole,  the  total  number  of  Melosira  would  be, 
according  to  this  single  estimation,  430,000.  The  tenth 
part  of  the  square  root  of  this  is  66.  When  at  least  66 
specimens  of  Melosira  have  been  counted,  we  can  regard 
the  result  as  sufficient  to  supply  us  with  an  average,  and  no 
more  need  be  counted.  In  order  to  find  out  the  degree 
of  correctness  of  the  enumeration,  Hensen  adopted  the 
following  method  : — An  organism  is  first  of  all  counted 
on  several  plates,  and  the  average  is  taken.  Then  another 
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plate  is  used,  and  tliis  result,  combined  with  the  previous 
one,  gives  ns  a fresh  average. 

When  this  second  average  does  not  differ  from  the  first 
by  more  than  5 per  cent.,  the  result  may  he  taken  to  be 
satisfactory.  In  the  form  appended  we  find  for  Melosira 
the  numbers  43,  38  and  48  on  the  first  three  plates.  This 
gives  ns  as  average  43.  The  next  counting  gives  us  38. 
The  total  now  becomes  167  and  the  average  42. 

Then  it  follows  that  43  : 100  = 42  ; x. 

X = 97-7. 

That  is,  the  difference  is  2*3  per  cent.,  and  therefore  the 
counting  can  be  regarded  as  accurate  enough  and  com- 
pleted, but  of  course  it  is  always  more  advisable  to  use 
too  many  plates  than  too  few.  Having  thus  arrived  at  a 
sufficiently  accurate  result,  we  do  not  estimate  the 
Diatoms  on  succeeding  plates,  and  we  can  therefore  use  a 
weaker  dilution  and  magnification.  For  the  rarer  forms 
the  first  dilution  can  be  used,  and  from  this  1 ccm.  and 
finally  2’5  ccm.,  counted  through;  this  work  is  much 
quicker,  as  a smaller  magnification  is  used  and  only  a 
few  animals  have  to  be  counted.  Each  separate  counting 
is  noted  on  a form,  an  example  of  which  is  given  (pp.  302-3). 
The  forms  originally  used  by  Hensen  are  very  compli- 
cated, and  I have  not  attempted  to  produce  one  in  its 
entirety;  still  the  appended  form  is  sufficient  for  all 
practical  purposes.  It  may  here  be  mentioned  that  the 
criticisms  of  Kofoid  and  the  results  obtained  by  Lohmann 
(9)  seem  to  render  some  modification  of  the  original  form 
necessary.  It  seems  useless  to  include  organisms  in  the 
calculation  the  majority  of  which  are  proved  to  slip 
through  the  silk  bolting  cloth,  No.  20.  The  forms  are  of 
two  kinds.  One  is  used  for  entering  the  results  of  an 
individual  catch;  the  other  for  comparing  such  catches 
together.  An  example  of  the  first  only  is  appended.  This 
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Form  for  entering  Uehul'i 

No.  32a.  Place — Dobersclorfer  Lake.  Date — 20  ix.,  1891.  14  ccm.  diluted  to  50. 


Kind  of 
investigation. 

Amount  of 
dilution. 

No. 

True 

volume. 

Total. 

Calcula- 

tion. 

Co- 

efficient. 

Volunii 

used. 

wet.  dry 

2-5  : 50 

1 

0-005 

50/0-005 

10,000 

2 

0-01 

50/0-01 

5,000 

/ 

3 

0-015 

50/0-015 

3,333 

” 

wet 

4 

0-02 

50/0-02 

2,500 

- 

5 

0-025 

0-045 

50/0-045 

1,111 

0-5  . 

- 

6 

0-07 

50/0-07 

714 

” i 

undiluted 

7 

0-1 

0-17 

50/0-17 

294 

0-1 

8 

0-27 

50/0-27 

185 

” '■ 

9 

0-37 

50/0-37 

135 

10 

0-5 

0-87 

50/0-87 

57-4 

0-5  t 

11 

1-37 

50/1-37 

36-5 

„ 

” 

” 

12 

1-87 

50/1-87 

26-7 

’• 

13 

1-0 

2-87 

50/2-87 

17-4 

1 

” 

14 

Remainder 

50 

1 
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)F  A 


Single  Catch. 


i 


Ijnder  one 
square 
metre. 


Total  in 
catch. 


Pl6,851,314 
■ 9,089,091 
; 12,331,494 
^^5,138,486 
369,054 
303 
1364 
6818 


I 


573,276 
59,994 
81,396 
429,957 
2,436 
2 
9 

45 


Species. 

Clathrocystis 

Microcystis 

Ceratium 

Melosira 

Copepoda 

larvse 

Cyclops  ^ 
Leptodora  5 


Daphnia 

galeata 

etc. 


55  60 
6 


i' 


11 


7 8 


54 


56 


1011 


12 


13 


14 


Total 


No.  of 
plates. 


172 

18 

144 

129 

140 

2 

9 

45 


1-5 

1-3 

1-13 

1-14 

1-14 

1-14 


Coeff. 

3,333 

714 
3,333 
17-4 
1 
1 
1 
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foi’Di  must  be  studied  in  conneetion  wiili  ilie  explanai ion 
in  the  text.  The  form  contains  the  results  of  one  of 
A])stein’s  investigations  (5)  on  the  fresh  water  plankton  of 
one  of  the  Holstein  lakes.  Although  the  form  records 
fresh  water  organisms,  an  exactly  similar  foiin  can  he, 
and  is,  used  for  salt  water  plankton. 

The  forms  for  comparing  results  of  diherent  catches 
present  no  special  features,  and  one  can  easily  be  devised, 
so  I have  not  thought  it  necessary  to  re])roduce  one  here. 
At  the  head  of  such  a form  are  printed  the  names  of  the 
various  organisms  captured  in  the  plankton.  At  the  left- 
hand  side  are  spaces  for  entering  the  number  and  certain 
particulars  regarding  the  catch.  Underneath  the  head- 
ing for  each  organism  and  opposite  the  number  of  the 
catch  are  entered  numbers  giving  the  total  number  of 
organisms  for  the  catch  and  the  number  jier  unit  area  of 
surface,  so  that  it  becomes  easy  to  compare  different 
catches  either  taken  at  the  same  place  at  different  seasons 
or  at  different  places. 

With  regard  to  the  form,  first  of  all  in  the  top  left- 
hand  corner  the  number,  place  and  date  of  the  catch  are 
noted.  For  instance,  82(7.  Dobersdorfer  Lake.  20  Sept., 
1891.  The  number  82(7  is  recorded  in  a Journal  in  which 
information  of  a physical  character  is  noted,  such  as  the 
depth  of  water,  its  temperature,  the  temperature  of  the 
air,  the  direction  and  force  of  the  wind,  as  well  as  the 
general  condition  of  the  catch,  and  any  other  information 
likely  to  be  serviceable.  On  the  form  we  see  vertically 
and  horizontally  ruled  spaces.  Taking  the  vertical  rows, 
we  see  on  the  extreme  left  the  heading,  “ Kind  of  investi- 
gation.” Under  this  heading  we  enter  either  dry  or  moist, 
according  to  the  nature  of  the  plate  on  which  the 
enumeration  is  carried  out.  As  a rule  dry  plates  are  only 
used  for  the  enumeration  of  Diatoms.  Under  the  second 
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heading  the  amount  of  the  dilution  is  recorded.  2*5  : 50 
means  that  2* 5 ccm.  of  the  original  volume  has  been 
diluted  with  47*5  ccm.  of  water,  so  that  the  total  volume 
becomes  50  ccm.  It  is  always  better  to  dilute  to  either 
100,  50  or  25  ccm.,  because  flasks  of  these  capacities  can 
be  easily  obtained,  the  exact  volume  being  indicated  by  a 
mark  on  the  neck  of  the  flask,  and  so  any  required  dilu- 
tion can  be  readily  prepared  for  use.  For  the  last  plates, 
from  7 to  14,  the  original  volume  is  taken,  but  from  it 
only  the  larger  species  are  enumerated.  The  next  space 
is  headed  ''  number,”  and  refers  to  the  number  of  the  glass 
plate  used  for  the  counting.  As  a rule  ten  plates  are 
found  sufficient.  The  form  appended  gives,  however, 
fourteen.  On  the  right  of  the  form  these  successive 
numbers  are  used  as  head  numbers.  With  reference  to 
the  volume  used,”  the  numbers  in  this  column  signify 
exactly  what  volume  of  water  has  been  used  on  each 
individual  plate.  For  instance,  on  the  first  plate  one- 
tenth  of  a ccm.  was  used,  and  this  was  from  the  dilution 
2'5  : 50.  This  volume  of  liquid  would  be  measured  out  by 
means  of  the  “ Stempelpipette  ' described  above,  and  then 
brought  on  to  the  plate.  As  seen  by  reference  to  the 
form,  several  different  volumes  are  used.  lieturning 
now  to  the  rows  on  the  left,  we  come  to  the  heading  “ true 
volume.”  This  differs  from  the  volume  used,  and  it 
gives  us  the  proportion  of  the  original  volume  that  is 
actually  investigated,  whereas  the  volume  used  is  the 
volume  actually  placed  on  the  plate.  The  true  volume 
is  calculated  as  follows : —First  of  all  2'5  ccm.  of  the  first 
dilution  have  been  subsequently  diluted  to  50  ccm.,  and 
of  this  one-tenth  of  a ccm.  has  been  taken.  Now  each 
of  the  50  ccm.  of  the  second  dilution  contains  one-fiftieth 
of  2-5  ccm.,  that  is  0'05  ccm.  of  the  first  dilution,  and 
one-tenth  of  a ccm.,  the  volume  actually  counted,  contains 
u 


806  TllANSACTIONS  LlVERr 


POOL  1UOLO(OCAL  SOCIETY, 


0-005  of  the  first  dilution.  On  plaie  (i  we  have  nscul  the 
same  j)ro])orfion  of  the  first  dilntion,  hnt  we  have  taken 
half  a centimetre  for  the  jinrpose  of  counting',  that  is,  five 
times  as  mnch  as  for  plate  1,  and  conse(|nently  the  true 
volume  is  0'025  cm. 

This  true  volume  is  important  for  the  estimation  of  the 
coefficient.  Under  the  heading-  “calculation”  this  is  set 
out.  Under  the  heading  “ true  volume  ” for  the  first 
])late  we  get  the  number  0-005.  The  number  of  times 
ihat  this  is  contained  in  the  original  volume  (first  dilu- 
tion) is  naturally  50/-005,  that  is,  10,000,  so  that  one  ten- 
thousandth  part  of  the  total  number  of  organisms  have 
been  enumerated.  For  example,  the  number  of  Melosira 
reckoned  for  the  first  plate  is  48.  This  multiplied  by  the 
coefficient  10,000,  gives  us  the  total  number  of  Melosira 
in  the  caicli,  that  is,  480,000,  This  number  is  of  course 
approximate,  and  is  corrected  by  the  numbers  obtained  on 
the  succeeding  jhates. 

Suppose  the  individuals  of  a certain  species  have  been 
counted  on  several  plates,  then  it  becomes  necessary  to 
determine  the  coefficient  for  the  plates  taken  together 
(see  heading  “ Coeh.”  on  right-hand  side  of  the  table). 

ith  this  object  the  numbers  given  under  the  heading 
“ true  volume  ” for  all  the  plates  enumerated  for  a given 
organism  are  added  together,  and  the  coefficient  is  calcu- 
lated exactly  as  described  above  for  a single  glass  plate. 
For  instance,  for  Melosira  three  plates  in  all  have  been 
counted,  those  numbered  1 to  8.  The  numbers  respectively 
noted  are  4rl,  88  and  48.  Total  129.  The  sum  of  the  true 
volume  for  the  three  plates  is  8 x '005  = 0-Q15  ccm. 
'riien  the  coefficient  is  50/(J-015,  that  is,  8,388.  The  total 
number  of  individuals  counted,  129,  is  now  multiplied  by 
the  coefficient,  and  that  gives  us  the  total  number  of 
Melosira  in  the  whole  catch,  viz.,  429,957. 
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We  now  consider  the  right-hand  portion  of  the  form. 
Under  one  heading  the  names  of  the  species,  the  numbers 
of  which  it  is  desired  to  estimate,  are  entered.  To  the 
right  of  this  are  spaces  in  which  the  numbers  of  the  glass 
plates  are  entered.  When  the  enumeration  of  a given 
species  is  ended  a query  is  placed  in  the  column  devoted 
to  the  next  plate.  When  no  individuals  are  found  a 
cipher  is  naturally  entered  in  the  space  provided.  If, 
on  the  contrary,  a given  species  is  being  investigated,  but 
on  certain  plates  not  counted,  a question  mark  is  entered, 
and  the  plates  are  not  considered  in  the  summation.  In 
the  three  last  places  on  the  right  are  entered  the  total 
number  of  individuals  counted,  the  number  of  plates  used 
in  the  enumeration,  and  thirdly  the  coefficient.  Now,  in 
order  to  find  the  total  number  of  individuals  of  a given 
species  in  the  catch,  we  have  only  to  multiply  the  total 
number  counted  by  the  coefficient,  as  above  indicated  for 
Melosira.  The  number  is  then  entered  on  the  form  in 
the  space  provided  for  the  purpose. 

The  last  heading  to  be  considered  is  entitled  “ Under 
one  square  metre.”  We  have  seen  from  what  has  been 
written  above  in  the  description  of  the  net  that  the  whole 
volume  of  water,  calculated  from  the  area  of  the  mouth  of 
the  net  and  the  depth  to  which  it  is  sunk,  does  not  pass 
through  the  net,  but  part  of  it  passes  over  the  edge.  It 
is  therefore  necessary  to  consider  the  filtration  coefficient 
of  the  net,  that  is,  what  number  the  volume  or 
number  of  organisms  must  be  multiplied  bj^  in  order  to 
find  the  true  value  supposing  the  whole  column  of  water 
filtered  through.  In  the  present  instance  the  coefficient 
is  151’5,  the  estimation  being  made  for  one  square  metre 
surface  area  of  the  water  column. 

For  Leptodora  there  are  9 females  captured.  In  a 
column  of  water  of  one  square  metre  section  and  20  metres 
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•leptli,  therefore  there  woiihl  he  161-5  x 9 such  individuals, 
that  is,  1,;JG4. 

In  order  to  convey  some  idea  of  the  laborious  nature  of 
this  method  of  enumeration,  it  may  be  stated  that  Ilensen 
himself  says  that  he  took  a week,  working  eight  hours 
a day,  to  count  the  organisms  in  a single  catch.  An 
important  question  here  suggests  itself.  Is  it  likely  that 
such  an  enormous  expenditure  of  energy  can  be  justified 
hy  the  results  obtained  ? A perusal  of  the  results’ already 
obtained,  a short  summary  of  which  is  appended,  is  the 
best  answer  to  the  question.  The  obstacles  in  the  way  of 
a successful  counting  are  numerous,  but  Hensen  has 
attempted  in  a masterly  manner  to  overcome  them,  and 
if  one  considers  the  success  which  has  attended  the  solu- 
tion of  equally  difficult  iiroblems,  for  instance,  the 
enumeration  of  the  corpuscles  in  the  blood  of  man,  there 
seems  no  reason  to  doubt  that  the  Hensen  planktonic 
method,  if  carefully  employed,  is  a success. 

All  reckonings  according  to  this  method  are  so  made 
that  they  can  safely  be  regarded  as  minimum  totals,  ami 
it  is  absolutely  certain  that  in  every  case  the  fertility  of 
the  sea  is  really  greater  than  indicated.  Numerous 
control  experiments  have  been  made,  and  it  is  proved  that 
with  ordinary  care  the  error  never  exceeds  20  per  cent., 
and  should  on  the  average  not  exceed  7 or  8 per  cent. 
Ihese  control  experiments  were  partly  so  arranged  that 
at  the  same  spot  several  observations  were  made  one  after 
the  other,  the  vertical  net  being  in  every  case  lowered  to 
the  same  depth  (comparative  trials),  or  the  same  net  would 
be  successively  lowered  at  the  same  spot  to  different 
depths  (depth  trials).  The  first  series  were  useful  to 
deteimine  the  errors  likely  to  arise  in  an  individual 
estimation.  The  second  series  served  to  prove  that  the 
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plankton  is  evenly  distributed  in  tlie  upper  layers  of  the 
water. 

The  quantitative  plankton  method  has  been  used  in  the 
investigation  of  both  fresh  and  salt  water,  and  in  the 
latter  case  both  in  the  open  ocean  and  in  the  neighbour- 
hood of  the  coasts. 

The  following  salt  water  areas  have  been  investigated : 

I. _Coastal  areas,  (a)  For  several  years— Bay  of  Kiel 

(b)  During  a whole  year — 

In  the  arctic  seas.  Karajak-Fiord,  in  N.W. 
Greenland,  T0°  N.,  by  Yanhotfen. 

In  the  Mediterranean.  The  Straits  of  Messina, 
by  Lohmann. 

In  the  Tropics.  The  Bay  of  Kaliini,  by  Dahl. 

(c)  In  the  winter  months — 

The  Gulf  of  Naples,  by  Schiitt. 

II.  — Part  of  the  open  ocean,  by  means  of  a series  of 
investigations  carried  out  during  a journey — 

The  west  and  other  coasts  of  the  East  Baltic  (to 
Memel  and  Gotland). 

The  north  part  of  the  North  Sea  from  Skagen 
to  the  Hebrides. 

A great  part  of  the  Atlantic  Ocean  during  the 
Plankton  Expedition  (duly-Nov.,  1889). 

The  area  between  the  Lofoten  Islands  and  the 
north  of  Spitzbergen,  during  the  Prince  of 
Monaco’s  Expedition,  in  July  and  August, 
1898. 

Numerous  investigations  of  fresh  water  lakes  have  also 
been  undertaken,  notably  one  by  Apstein  on  the  Lakes  of 
Holstein. 
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Results. 

As  there  are  four  methods  of  estimation,  naturally  tlie 
results  may  be  conveniently  grou])ed  umlei'  four  headings, 
namely,  results  of  volume  estimation,  weight  estimation' 
chemical  analysis,  and  enumeration  of  the  individual 
coiistitiieiits. 

The  determiiiatioii  by  volume  1ms  not  been  extensively 
employed,  so  we  proceed  to  the  consideration  of  weiglii 
estimation  and  chemical  analysis,  which  had  better  be 
taken  together. 

Hensen  (1)  in  his  first  work  gives  the  results  of  fifteen 
weight  determinations.  Three  of  these  were  of  the  whole 
catch,  which  consisted  mainly  of  Diatoms.  Assuming 
that  the  masses  of  these  catches  were  contained  in  a body 
of  water  of  one  square  metre  superficial  area,  and  an 
average  depth  of  20  metres,  we  find  under  a square  metre 
of  surface  in  one  case  1,008-B  ccni.  of  plankton,  in  another 
2,720*5.  The  first  mass  contained  4*290  grams  of  dry 
organic  substance,  the  second  0*128  grams.  These  results 
show  very  little  dry  organic  substance,  because  the  greater 
quantity  of  the  catch  consisted  of  Diatoms,  which  not  only 
contain  a large  amount  of  water  but  on  account  of  their 
hard  shells  contain  relatively  more  mineral  than  organic 
substance.  In  100  parts  of  dry  substance,  about  40  parts 
would  be  organic  and  00  parts  ash.  The  Peridinem  and 
Copepoda  gave  a much  smaller  quantity  of  water  and  a 
higher  percentage  of  organic  substance  than  the  Diatoms. 
For  the  Peridinese  100  parts  of  dry  substance  gave  90 
parts  organic  to  4 parts  ash.  In  the  case  of  Copepoda  the 
percentage  of  organic  substance  was  99.  Fresh,  conse- 
quently damp,  Copepoda  from  the  Baltic  gave  from  9 to 
10  j)er  cent,  dry  organic  substance.  The  results  are 
interesting,  as  they  show  the  large  amount  of  organic 
matter  that  the  Copepoda  contain,  seeing  that  they  form 
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a large  and  important  part  of  the  food  supply  of  fish.  On 
the  other  hand,  the  Diatoms,  in  comparison  with  the  other 
organisms  of  the  plankton,  contain  a proportionately  very 
small  amount  of  dry  organic  substance,  but  they  exist  in 
such  colossal  quantities  in  the  plankton  that  Hensen  was 
able  to  demonstrate  that  by  far  the  larger  quantity  of  the 
organic  substance  of  the  plankton  exists  in  the  form  of 
Diatoms. 

The  chemical  analysis  method  has  been  furthei 
developed  by  Brandt  (T),  but  it  is  more  convenient  to  first 
of  all  consider  Hensen’ s results  deduced  from  the  method 
by  counting. 

The  most  important  results  deduced  from  this  method 
are  in  connection  with  the  enumeration  of  the  floating  fish 
eggs.  The  first  results  were  obtained  in  the  West  Baltic 
for  cod  and  flat  fish.  The  results  of  120  such  observations 
are  detailed.  These  results  are  in  some  respects  deficient, 
because  the  percentage  of  salt  in  the  Baltic,  and  theiefore 
the  specific  gravity  of  the  water,  varies  greatly,  so  that 
occasionally  the  specific  gravity  of  the  water  fell  below 
the  point  at  which  it  was  possible  for  the  eggs  to  float. 
The  numbers  must  therefore  be  considered  as  minimal. 
Hensen  concluded  that  for  the  Eckenforde  waters,  where 
the  fishery  for  cod  and  fiat  fish  is  carried  on  (an  aiea  of 
about  16  square  miles)  there  are  in  d anuary  an  average 
of  30,  in  Eebruary  from  45  to  50,  in  March  at  least  60,  and 
in  April  50,  floating  eggs  of  the  above  fishes  per  square 
metre  of  surface  (with  an  average  depth  of  20  metres). 
These  eggs  take  on  the  average  15  days  to  develop  under 
the  conditions  obtaining  in  the  West  Baltic,  so  that  the 
number  above  recorded  must  be  doubled  in  order  to  give 
the  number  occurring  per  month  under  a square  metre  of 
surface  water.  This  gives  from  January  to  April  370 
eggs. 
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Hen«en  calculates  tlmt  the  uu.nher  of  co,l  a„.l  plaice 
anuually  caught  by  the  Eckeufiir.le  fishenneu 

-M0(  m.lhou  co,l  au.l  T.'i,895  million  plaice  eggs 
annually.  These  figu.'es  are  calculated  faun  a nine-year 
average.  These  numbers  give  for  every  square  metre  of 
t le  lb  square  miles  of  sea  fished  over  20-G  cod  and  S4 
plaice  eggs ; total  llOdi  eggs.  This,  added  to  the  370 
calculate,!  above,  gives  a total  of  4.S()-(i,  which  represents 
the  number  of  eggs  that  would  have  been  produced  from 
all  cod  and  plaice,  captured  and  free,  yearly  for  each 

" consequence 

1/480  C = 1/4-4,  gives  the  fraction  of  the  total  quantity 
of  adult  cod  aii,l  plaice  actually  captured,  or  in  other 
wor,  s,  man  captures  for  his  own  use  every  year  about 
one-fourth  of  the  total  number  of  adult  fish  in  this 
particular  area  of  the  West  Baltic.  This  result  is 
surprising  to  those  who  consider  the  resources  of  the  sea 
as  inexhaustible,  and  believe  that  the  number  of  fish 
caught  by  man  bears  only  a small  proportion  to  the 
number  actually  joresent  in  tbe  sea. 

The  estimation  of  the  number  of  floating  eggs  accord- 
mg  to  this  method  has  important  practical  bearings.  Tor 
instance,  it  is  possible  to  compare  the  fertility  of  a given 
area  of  the  sea  with  this  area  of  the  West  Baltic,  and  so 
to  obtain  an  idea  of  the  probable  yearly  catch  of  fish  for 
that  area.  The  results  in  the  North  Sea  invariably  gave 
a greater  number  of  eggs  per  square  centimetre  than  for 
the  Baltic.  On  the  other  hand,  results  in  the  open  ocean 
invariably  gave  less  results  than  the  Baltic. 

As  an  exceptional  instance,  Hensen  found  on  the  20th 
• Illy,  1886,  in  the  Skaggerrack  6,009  floating  eggs  per 
square  metre  of  surface  water ; that  is,  for  each  square 
mile  of  surface  water  278,796  million  eggs.  On  this  same 
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journey,  in  the  middle  of  the  North  Sea  230  eggs  per 
sqnare  metre  were  fonnd,  on  the  Scottish  side  275,  and 
at  another  time  130  eggs  per  sqnare  metre. 

The  results  of  Henseii  and  Apstein  for  the  North  Sea 
in  1895  are  of  interest.  Three  jonrneys  were  made. 

A lasted  8 days,  and  1,029  sea  miles  were  covered  (in  Feb.),  and  49  catches 

made. 

B ,,  9 ,,  1,077  ,,  ,,  (in  Feb.  &Mar.)  ,,  50 

C ,,  8 ,,  1,291  ,,  ,,  (in  April)  „ 59  ,, 

In  the  jonrney  A the  number  of  eggs  and  larvae  per 
sqnare  metre  was  1,932,  in  B 6,538,  in  C 6,975;  total 
15,495  in  167  catches,  eggs  and  larvae  being  absent 
in  nine  catches.  The  average  per  sqnare  metre  is 
therefore  92*5  eggs  and  yonng  fish.  This  compares 

favonrably  with  the  Baltic  average  of  37’3.  Estimating 
the  snrface  area  of  the  North  Sea  to  be  547,623  million 
sqnare  metres,  this  gives  a grand  total  for  the  North  Sea 
of  148  million  fish  eggs  and  larvae.  After  applying 

certain  corrections  and  omitting  Amniodytes’  eggs  and 
larvae,  as  not  being  those  of  food  fish,  Hensen  came  to 
the  conclnsion  that  the  North  Sea  during  the  year  1895 
contained  157  billion  eggs  and  larvae.  This  number,  being 
calcnlated  from  eggs  and  larvae  actually  connted,  mnst  be 
regarded  as  too  small. 

Finally  the  Hensen  method  is  of  practical  importance, 
inasmuch  as  it  enables  ns  to  determine  during  which 
months  of  the  year  certain  fish  spawn.  By  means  of  this 
net  Hensen,  on  one  of  his  earlier  Baltic  expeditions,  dis- 
covered that  the  sprat  egg  is,  in  contradistinction  to  that 
of  the  herring,  pelagic.  The  spawning  places  and  nnmber 
of  spawning  individuals  of  the  different  species  can  also 
be  approximately  determined,  since  above  them  the  float- 
ing eggs  will  be  met  with  in  the  spawning  season  in  large 
quantities. 

With  regard  to  the  Copepoda,  all  the  species  are 
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enumerated  together.  In  addition,  the  larva;  and  eggs 
(in  the  egg-sacks)  were  counted.  Foi-  the  West  llaltic  tlie 
nnniher  of  Copepoda  throughout  the  whole  year  is  very 
similar,  and  is  very  high.  The  average  number,  inclu- 
sive of  larvae,  for  ten  cubic  metres  of  sea  water,  was  on  one 
occasion  725,900  ; on  another  891,000.  That  is,  a litre  of 
West  Baltic  sea  water  contains  from  72  to  89  of  these  little 
Crustacea.  The  average  depth  of  the  West  Baltic  being 
20  metres,  there  are  present  for  every  square  mile  of 
surface  water  from  80  to  100  billion  Copepoda.  The  latter 
number  gives  a dry  weight  of  150,000  kilograms.  The 
relation  between  adult  Copepoda,  larvie  and  eggs  was  also 
determined.  In  a thousand  specimens  the  average  was 
184  eggs,  401  larvae,  and  405  adults.  The  time  required 
for  the  development  of  an  adult  Copepod  is  on  the  average 
a week.  The  birth-rate  per  week  of  the  year  for  Copepoda 
is  thus  134  per  thousand.  Assuming  that  the  population 
of  Copepoda  remains  fairly  stationary,  then  the  death-rate 
must  be  about  the  same.  The  calculation  of  the  yearly 
mortality  of  the  Copepoda  of  the  Baltic  becomes  a simple 
matter.  For  10  cubic  metres  of  sea  water,  the  mortality 
would  be  175,000  per  week,  or  in  a year  8,860,500.  Death 
to  a Copepod  generally  implies  that  it  is  devoured  by  a 
fish  or  other  animal.  So  that  from  a consideration  of  the 
death-rate  of  the  Copepoda  we  can  arrive  at  an  idea  of  the 
food  supply  of  some  of  our  valuable  marketable  fish. 
The  Clupeidse  feed  largely  on  Copepoda.  For  a 
square  mile  of  surface  water  the  annual  consump- 
tion of  Copepoda  can  be  regarded  as  approximately 
975  billion,  or, for  the  16  square  miles  of  the  Eckenforde 
fishery  district  a grand  total  of  15,600  billion.  A billion 
Copepoda  yield  not  less  than  1,500  kilograms  of  dry 
organic  substance,  so  that  the  15,600  billion  weigh  not  less 
than  23,400,000  kilograms.  Taking  the  average  weight 
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of  an  adult  West  Baltic  lierriiig  as  being  60  grams,  and 
allowing  tliat  every  herring  uses  in  60  days  its  own  weight 
of  organic  substance,  we  find  that  every  herring  consumes 
annnally  438  grams.  In  the  16  square  miles  of  the 
Eckenforde  fishery  district  there  exists  food  in  the  shape 
of  Copepoda  for  534  million  herring  of  an  average  body 
weight  of  60  grams.  This  result  may  of  course  be  largely 
problematical,  but  it  is  at  any  rate  extremely  interesting. 
The  North  Sea,  in  a similar  manner  to  the  Baltic,  contains 
an  abundant  wealth  of  Copepoda.  The  open  ocean,  on 
the  other  hand,  contains  much  less. 

The  estimation  of  the  number  of  free  swimming  larvae 
of  the  larger  edible  Crustacea,  such  as  the  crab  and  lobster, 
is  also  of  practical  interest,  as  on  almost  every  coast  a large 
number  of  the  adult  individuals  may  be  met  with.  When 
applied  to  previously  investigated  coasts  the  method 
would  yield  results  which  would  enable  one  to  ascertain 
whether  or  not  a fishery  for  such  Crustacea  could  be 
successfully  established.  The  larvae  of  the  edible 
mollusca,  the  mussel,  for  example,  are  also  frequently 
present  in  almost  incredible  quantities,  and  especially  in 
the  neighbourhood  of  coasts  where  the  adults  prevail.  In 
the  greater  depths  of  the  North  Sea  and  in  the  open  ocean 
such  larvae  are  rarely  found. 

On  one  occasion  in  the  West  Baltic  it  is  calculated 
that  in  the  case  of  the  larvae  of  Mytilus  edulis, 

the  number  present  was  170,000  for  each  square 
metre  of  surface  water.  If  all  these  developed  into 
adult  animals,  we  should  have  for  each  square  centi- 
metre of  bottom  17  adult  mussels.  This  is,  of  course, 
physically  impossible.  It  therefore  follows  that  only  an 
exceedingly  small  proportion  of  the  larvae  ever  become 
mature,  the  greater  portion  being  devoured  by  other 
animals.  It  is  thus  seen  that  the  larvae  of  the  various 
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ill  vertebrates  play  an  important  part  in  tlie  food  siijiply 
of  other  animals,  particularly  of  young  fish  ; hut  still  they 
are  not  so  important  in  this  respect  as  are  the  (hipepoda. 
In  the  first  place,  the  number  of  invertebrate  larva?,  Cope- 
])0(1  larvie  being  excepted,  is  never  so  large  as  the  average 
number  of  (Vipepoda  in  a similar  volume  of  water;  and 
secondly,  these  larva?  are  only  present  in  enormous 
quantities  at  certain  periods  of  the  year,  that  is,  when  the 
spawning  period  of  the  adult  occurs,  and  so  belong  to  the 

periodic  plankton  ” in  contradistinction  to  the  Copepoda, 
which  are  always  present,  and  therefore  belong  to  the 
perpetual  plankton. 

The  microscopic  Infusoria,  which  aie  included  under 
the  title  Tintinna;,  also  belong  to  the  periodic  plankton. 
Their  number  is  so  enormous  that  they  play  an  iniiiortant 
role  in  the  plankton.  The  principal  llaltic  form, 
'1  intunmx  xnimhitns,  occurs  to  the  number  of  1,228,000  in 
10  cubic  metres  of  water,  lluring  the  months  when  they 
are  at  a maximum  their  number  eijuals  that  of  the  Cope- 

l>oda,  but  as  they  are  very  much  smaller,  their  total  mass 
is  much  less. 

Ihe  Peridinese  are  also  present  in  enormous  quantities. 
Ihe  commonest  form  is  Ceratimn  tripos,  which  is  the  usual 
cause  of  phosphorescence  in  the  Baltic.  The  numbers 
for  10  cubic  metres  of  water  are,  maximum  130  million, 
minimum  44,000,  average  14  million.  130  million  per  ten 
cubic  metres  gives  13  for  a cubic  centimetre  ; the  average 
gives  1 4 per  ccm.  The  Peridinese  are  of  importance, 
since  they  presumably  form  the  chief  source  of  the  food 
supply  of  the  Copepoda.  The  food  supply  of  the  latter  is 
not,  however,  definitely  known.  Hensen  and  other 
investigators  found  no  determinable  substance  in  their 
alimentary  canal,  but  only  a mass  of  green  chlorophyll- 
containing  material. 
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In  order  to  determine  whether  or  not  the  Copepoda  lived 
on  Peridinese  and  Diatoms,  Hensen  made  three  experi- 
ments. The  catch  from  a single  net  was  divided  into  two 
parts.  One  part  was  immediately  killed  and  preserved. 
The  organisms  in  the  other  part  were  allowed  to  live  for 
from  7 to  9 hours,  and  then  killed  and  preserved.  In 
each  case  the  number  of  Diatoms  and  Peridinese  were  in 
excess  in  the  jiart  that  had  been  fixed  and  preserved  imme- 
diately after  capture.  From  this  it  is  concluded  that  the 
Copepoda  in  the  part  allowed  to  stand  for  from  7 to  9 
hours  had  devoured  a certain  number  of  Diatoms  and 
Peridinese.  The  number  of  consumed  Peridinese  was  in 
all  cases  in  excess  of  the  number  of  Diatoms  consumed. 
From  this  it  may  be  deduced  with  a fair  amount  of 
certainty  that  the  Copepoda  devour  the  Peridinese.  Pro- 
bably the  hard  shells  of  the  latter  are  not  devoured,  but 
are  broken  up  by  the  complicated  masticatory  apparatus 
posessed  by  the  Copepoda,  and  the  edible  contents 
extracted  by  means  of  the  hair-like  bristles. 

Hensen  endeavoured  from  the  above  experiments  to 
determine  the  average  number  of  Peridinese  annually 
devoured  by  a Copepod,  and  he  concluded  the  iinmber  was 
4,730.  On  the  calculation  that  each  square  metre  of 
surface  water  in  the  Baltic  covers  one  million  Copepoda, 
we  see  that  4,730  million  Peridinese  are  annually  used  up 
by  these  as  food.  A million  Peridinese  yield  0'03I245 
grams  of  dry  organic  substance,  so  that  the  Copepoda  of 
the  Baltic  use,  per  square  metre  of  surface  water,  dry 
organic  matter  in  the  form  of  Peridinese  to  the  annual 
amount  of  133*35  grammes. 

The  number  and  mass  of  Diatomaceee  probably  exceeds 
all  the  other  constituents  of  the  plankton  taken  together. 
On  account  of  their  extraordinary  minuteness,  the  capture 
and  enumeration  of  these  organisms  is  attended  with  no 
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little  difficulty.  Two  of  the  most  ijiiportant  genera  of 
the  salt  water  Diatom  flora  are  Chaiocerns  and  Rhizonn- 
lenin,  both  with  numerous  species.  They  ajipear  in 
enormous  quantities  in  the  Baltic,  but  do  not  seem  to  be 


liresent  so  abundantly  at  some  seasons  of  the  year,  and  the 
number  also  varies  considerably  in  different  years. 

dhe  species  of  Cha-Utceros  attain  their  maximum  in 
March,  with  an  average  of  457  million  per  cubic  metre, 
or  467  in  every  ccm.  of  water.  The  jirincipal  species  of 
RlnzosoJmia  that  occur  in  the  Baltic  are  Rhizosolenia 
ahda,  which  reaches  its  ma.ximum  in  May  with  a total  of 
85  7 per  ccm.,  and  Rliizosohnia  semis [>ina  in  March  with 


an  average  of  not  less  than  102'4  per  ccm.  Since  a cubic 
centimetre  of  rvater  contains  on  the  average  about  80 
drops,  it  is  no  exaggeration  to  say  that  every  drop  of  sea 
water  in  the  Baltic  is  inhabited  by  Diatoms. 

4 he  Aorth  Sea,  and  especially  the  open  ocean,  contain  ^ 
very  much  smaller  numbers  of  Diatoms  than  the  Baltic.  ; 
Ihe  Copepoda  of  the  North  Sea,  on  the  other  hand,  show 
no  diminution.  In  the  North  Sea,  in  spite  of  the  much  J 
smaller  quantity  of  the  total  catch  than  in  the  Baltic,  the  ' 
meshes  of  the  net  were  much  sooner  obstructed,  and  the  ' 
net  itself  took  on  a yellowish-green  colour.  Hensen  con-  J 
eluded  from  this  that  there  exists  in  the  plankton  still  ' 
smaller  unknown  organisms  which  escaped  through  the  | 
meshes  of  the  net.  Subsequent  research  has  shown  this  \ 
surmise  to  be  justified.  If  the  number  of  Diatoms  in  a 
diop  of  water  is  occasionally  so  high,  what  must  be  the  * 
case  with  regard  to  these  still  smaller  organisms  ? 

All  animal  life  in  the  sea  is  ultimately  dependent  on 
vegetable  life.  This  latter  is  in  turn  dependent  on  sun-  | 
light,  and  is  therefore  only  able  to  exist  down  to  depths  to  ' 
which  the  sun  is  able  to  penetrate,  that  is,  a maximum  of  , 
400  metres  from  the  surface.  Thus  by  far  the  greater  j 
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bulk  of  the  ocean  is  unproductive  of  vegetable  life,  since 
it  lies  to  a greater  depth  than  400  metres.  It  is  certain 
that  the  Diatoms  and  Peridinese  play  a far  greater  part  in 
the  cycle  of  matter  in  the  sea  than  do  the  attached  Algse. 
The  animals  which  inhabit  the  greater  depths  may  be 
ultimately  indebted  to  the  spores  of  Diatoms  and  Peri- 
dinese  for  their  food  supply,  which  spores  are  set  free  in 
enormous  numbers,  and  contain,  as  it  were,  a concentrated 
extract  of  the  organic  substance  of  the  plant.  It  is  certain 
that  Copepoda  do  not  use  Diatoms  as  food  to  any  large 
extent,  and  it  is  as  yet  unknown  what,  if  any,  groups  of 
animals  habitually  live  on  Diatoms,  so  that  apparently  the 
greater  mass  of  the  vegetable  plankton  is  useless,  at  any 
rate  directly,  as  a food  for  the  animal  part  of  the  same. 
The  Diatoms  must  consequently  die  and  putrify,  and  it  is 
known  that  the  bottom  of  some  of  the  shallower  seas  is 
covered  by  a large  quantity  of  decomposing  material. 
Behrens  discovered  that  the  percentage  of  combined  nitro- 
gen at  the  bottom  of  the  sea  varied  from  0T8  to  0*4,  which 
exceeds  the  percentage  of  the  soil  of  the  land  considerably. 
The  soil  of  the  continents  is  likewise  enriched  by  a large 
quantity  of  vegetable  material,  which  is  not  directly  used 
up  by  animals,  but  which  is  utilised  by  dispersion  and 
decomposition. 

Hensen  has  determined  how  much  plankton  is  daily 
generated  in  the  Baltic.  The  estimation  bristled 

O 

with  difficulties,  and  the  result  must  be  considered 
as  a minimum  one.  The  conclusion  arrived  at  was 
that  for  every  square  metre  of  surface  water,  omitting 
from  consideration  matter  devoured  by  the  animals  of 
the  plankton,  there  is  daily  generated  at  least  18  ccm.  of 
plankton,  giving  for  a year  6,570  ccm.  This  mass  con- 
sisted principally  of  Diatoms,  and  according  to  the  weight 
estimation  method  would  contain  from  14'8  to  17‘T  grams 
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of  dry  organic  substance.  The  annual  bill  of  fare  of  I he 
planldon  animals  is  calc  lated  to  be  Idd  grams  for  every 
square  metre  of  surface' water.  Consequently  the  grand 
total  of  annual  production  of  plankton  per  sciuare  metre 
of  the  Baltic  is  150  grams,  or  for  the  whole  sea  8i  million 
kilograms.  According  to  Biebahn  and  llodewald,  the  pro- 
duce of  one  square  metre  of  cultivated  land  would  be 
annually  1T9  grams.  The  fertility  of  the  sea  is  thus  seen 
to  be  on  this  reckoning  about^  20  per  cent,  below  that  of 
the  land.  But  when  it  is  taken  into  consideration  that 
the  estimation  is  based  on  “ cultivated  land,”  and  when  it 
is  further  considered  what  an  enormous  extent  of  land  is 
incapable  of  cultivation,  it  will  be  seen  that  it  is  by  no 
means  improbable  that  the  produce  of  the  sea  is  really 
greater  than  the  produce  of  the  land.  It  seems  however 
to  be  less  favourable. 

Detailed  results  of  the  method  of  investigation  accord- 
ing  to  chemical  analysis  have  been  published  by  Brandt  ^ 
(8*,  and  he  has  further  instituted  a most  interesting  and  ! 
instructive  comparison  between  the  chemical  constituents  ^ 
of  the  plankton,  or  single  groups  of  plankton  animals,  and  > 
the  land  plants  and  edible  fish  and  invertebrates. 

For  the  three  principal  groups  of  organisms  of  the 
plankton  Brandt  gives  the  following  results.  All  the- 
figures  are  percentages  : — \ 


■I 
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' Chaetoceros 
\ and  other 
Diatoms. 

Ceratiiiui 
and  other 
Peridinese. 

Copepoda. 

Containing 

albumen. 

10 

13 

59 

Organic 

substances. 

1 

N. 

chitin. 

— 

— 

4-7 

Fat. 

2-8 

1-3 

7-7 

free  from 

N. 

sol.  carbohydrates 

22 

39 

20 

cellulose. 

41-5 

Inorganic 

Silica. 

54-5 

— 

— 

substances. 

Sea  salt. 

10-7 

5-2 

9-3 

Other  ash. 

A.  Total  Dry  Weight. 


Diatoms. 

Peridinese. 

Copepoda. 

Albumen  

28-7 

13 

65-1 

Chitin 

— 

— 

5-1 

Fat  

8-0 

1-37 

7-7 

Carbohydrates 

63-2 

84-9 

22-1 

B.  Dry  Substance  free  from  Ash. 


Taking  next  the  plankton  as  a whole,  we  find  that  the 
antnmn  and  winter  plankton  of  the  Baltic  takes  a position 
intermediate  between  rich  pasture  and  lupine. 

Albumen.  Fat.  Carbohydrates.  Ash. 

Rich  pasture 20’6  ...  4-5  ...  64.6  ...  10‘1 

Autumn  plankton  20’2-21'8  ...  2‘l-3'2  ...  60-68'9  ...  8*5-15‘7 

Lupine  20-6  ...  2-6  ...  72-0  ...  4-6 

The  Peridinese  in  chemical  constitution  are  very 
peculiar,  and  differ  markedly  from  the  land  plants  used 
as  fodder.  The  percentage  of  fat  is  very  low,  while  that 
of  carbohydrates,  and  especially  of  cellulose,  is  high.  In 
both  peculiarities  the  Peridinese  resemble  good  grass  hay 
or  rye  straw, 
w 
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Albumen. 

Fat. 

Rye  Straw 

..  3-5  ... 

1-5 

Peridineae 

.13-0  ... 

1-3 

Good  grass  hay.. 

.13-6  ... 

3-2 

Extracts  free 
from  N. 

Cellulose. 

Ash. 

..  38-8  ... 

51-3  ... 

4-7 

• • 39 

41-5  ... 

5-2 

..  48-2  ... 

26-8  ... 

8-2 

On  account  of  their  comparatively  large  amount  of 
albumen,  the  Peridinese  resemble  the  better  kinds  of 
fodder,  but  their  small  amount  of  fat  and  large  amount  of 
cellulose  causes  them  to  resemble  the  poorer  sorts. 

As  spring  approaches,  a remarkable  change  is  noticed 
in  the  plankton,  the  percentage  of  silica  becoming  very 
much  higher,  due  to  the  sudden  increase  in  the  Diatoms. 

In  order  to  compare  Diatoms  with  the  land  plants,  the 
weight,  free  from  ash,  must  he  taken. 

Albumen.  Fat.  Carbohydrates. 

Very  good  Lupine  ...  29-3  ...  2-8  ...  67-8 


Pea  seeds  27-2  ...  2-3  ...  70-4 

Diatoms  28-7  ...  8-0  ...  63-2 


Compared  with  whole  land  plants,  i.e.,  excepting 
special  parts  such  as  rape  seed,  the  percentage  of  fat  in  , 
Diatoms  is  invariably  found  to  be  much  higher.  The  | 
albumen  in  Diatoms  is  also  relatively  high.  On  account  [ 
of  the  high  percentage  of  fat  and  albumen,  as  well  as  on  i' 
account  of  the  poverty  of  the  carbohydrates,  the  Diatoms  | 
stand  out  in  marked  contrast  to  most  of  the  land  plants.  ] 
The  percentage  of  albumen  in  Diatoms  is  seen  to  be  in  \ 
excess  of  that  in  pea-  seeds.  It  must,  however,  not  he  ' 
forgotten  that  more  than  half  of  the  Diatom  total  weight  ' 
consists  of  silica,  which  possesses  absolutely  no  nourishing 
properties.  Brandt  is  of  opinion  that  further  investiga- 
tions are  necessary  to  determine  the  importance  of  j 
Diatoms  as  a direct  food  supply  of  animals. 

In  the  summer  plankton  the  animal  constituents  come 
into  prominence,  so  that  it  is  no  longer  possible  to  compare 
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the  analyses  with  the  land  plants  usually  used  as  fodder. 
The  albuminous  constituents  predominate.  Fat  is  in  one 
case  low,  in  another  case  abnormally  high,  and  the  car- 
bohydrates are  comparatively  very  low.  Other  observa- 
tions are  necessary  in  order  to  determine  whether  the 
vegetable  constituents  of  the  plankton,  invariably  in 
summer,  take  a subordinate  position  as  compared  with  the 
animals.  It  is  very  probable  that  the  smaller  chlorophyll- 
containing  Flagellatse,  or  even  Schizophyte  algae,  pass 
through  the  the  meshes  of  the  silk  bolting  cloth  No.  20. 
The  Copepoda  form  a very  important  food  supply  for  fishes 
and  other  plankton-devouring  animals.  A comparison  is 
instituted  between  the  Copepoda  and  certain  fish  and 
edible  Mollusca.  The  comparison  is  not  so  exact  as  for 
the  plankton  and  land  plants  above,  because  in  the  case  of 
the  Copepoda  and  the  mollusca  the  carbohydrates  must  be 
to  some  extent  contained  in  the  alimentary  canal.  In 
other  respects,  that  is  for  albumen  and  fat,  the  Copepoda, 
oysters  and  mussels  are  comparable  to  the  lobster  and 
crab. 


Dry  Substance 

Albumen. 

Chitin. 

Fat. 

Carbohy- 

drates. 

1 

Ash. 

Herring 

56-42 

— 

35-85 

— 

7-02 

Salmon 

60-49 

— 

35-62 

— 

3-89 

Flounder  

87-61 

— 

4-38 

— 

8-0 

Cod 

91-08 

— 

1-86 

— 

7-6 

Lobster 

79-80 

— 

10-13 

0-16 

9-41 

Crab 

78-87 

— 

7-69 

3-75 

9-6 

Plankton 

Copepoda... 

59 

4-7 

7 

20 

9-3 

Oyster 

46-8 

— 

9-5 

28-1 

16 

Mussel  

54-86 

— 

7-07 

26-0 

12 
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All  the  figures  are  percentages.  The  soft  bodies  only 
of  the  lobster,  crab,  oysters  and  mussels  are  included  in 
the  above  table,  the  exoskeleton  of  chitin,  or  shell,  being, 
as  the  case  may  be,  omitted. 

Brandt  (7)  has  given  a graphic  representation  of  the 
chemical  analysis  of  11  plankton  catches  (fig.  8,  p.  32,5). 

A shows  the  volume  of  the  catch  after  it  has  stood  for 
24  hours.  B shows  the  dry  weight  of  the  same.  In  C the 
dry  weight  of  the  different  constituents  of  the  plankton 
are  given.  The  Diatoms  are  represented  by  the  clear 
spaces,  the  Peridinese  by  the  black,  Copepoda  obliquely 
lined,  and  the  remaining  organisms  dotted.  D gives  the 
results  of  the  chemical  analysis,  the  dotted  spaces  repre- 
sent the  amount  of  albumen  present,  the  black  represents 
the  fat,  the  horizontally  lined  the  carbohydrates,  the  clear 
spaces  the  silica,  and  the  obliquely  striated  the  other  ash. 
A glance  at  the  figure  shows  how  great  an  influence  the 
Diatoms  exert  on  the  volume  results  as  compared  with  the 
weight  results.  (Vide  March,  April  and  September, 
1893).  In  spite  of  the  enormous  volume  of  the  catch 
during  these  three  months,  the  amount  of  dry  organic 
substance  remains  small.  In  March,  1893,  the  volume 
has  been  graphically  represented  as  three  times  as  broad 
as  the  others,  otherwise  it  would  have  had  to  be  made 
three  times  as  high. 

The  first  three  catches  have  a large  quantity  of 
Ceratium,  and  are  therefore  very  rich  in  carbohydrates. 
The  6th  and  7th  catches  are  very  rich  in  Diatoms,  and 
hence  contain  a large  quantity  of  ash,  a fair  amount  of 
fat,  and  relatively  little  carbohydrate.  The  10th  catch, 
which  in  addition  to  a large  number  of  Diatoms,  contains 
also  many  Ceratia,  is  somewhat  intermediate  to  the  other 
catches.  The  plankton  catches  in  summer  (May  and 
August,  1893)  are  seen  to  be  made  up  in  dry  weight  of 


Fig.  8. 
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from  60  to  70  per  cent,  of  animals.  One  Oopepod  equals 
in  dry  weight  157  Ceratium  individuals,  or  1,500 
Chcptoceros  cells. 

In  order  to  illustrate  the  distribution  of  the  plankton 
during  different  months  of  the  year,  Brandt  has  drawn 
up  annual  curves  for  the  years  1889  to  1893.  The  curves 
are  based  on  the  results  of  over  300  catches  taken  at  a 
given  spot.  Buoy  A,  at  the  entrance  to  the  Bay  of  Kiel, 
and  at  a depth  of  20  metres.  These  catches  were  all  made 
by  means  of  the  large  Hensen  plankton  net.  The  curves 
are  volume  curves,  based  on  volume  measurements  after 
the  catch  has  been  allowed  to  stand  for  24  hours. 

Very  large  catches  are  only  made  in  the  spring  (fig.  9), 
from  the  middle  of  March  or  in  April  to  the  beginning  of 
May.  These  maxima  are  due  to  the  fact  that  at  this  time 
of  the  year  the  Diatoms  multiply  to  an  enormous  extent, 
and  this  is  especially  true  of  ChcEtoceros.  In  the  summer 
we  get  a second  increase  of  Diatoms,  namely,  of  Rhizoso- 
lenia  species,  so  that  in  August  or  September  a second 
maximum  is  established.  I he  other  catches  show  less 
marked  peculiarities.  The  minima  of  plankton  produc- 
tion occur  in  February  or  March,  and  again  in  May  or 
June,  that  is,  before  and  after  the  chief  periods  of  increase 
of  the  Diatoms. 

Although  Hensen  or  Brandt  made  at  least  70  observa- 
tions at  this  spot,  only  on  one  occasion  did  they  find  so 
small  a volume  as  usually  occurs  in  the  Sargasso  Sea,  and 
that  was  in  February,  1894  (fig.  9).  The  Diatoms  are  so 
extraordinarily  prolific  that,  in  spite  oi  their  small  size, 
they  play  an  important  part  in  modifying  the  plankton 
curves. 

In  conclusion,  I may  quote,  as  an  example  of  the  far 
reaching  effect  of  plankton  studies,  from  a highly  interest- 
ing and  suggestive  work  recently  published  by  Brandt  (9), 
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a few  observations  of  tlie  utmost  importance  both  from  a 
scientific  and  an  economic  point  of  view.  Writing  with 
reference  to  the  circulation  of  matter  in  nature,  he  draws 
attention  to  the  important  part  played  by  the  denitrifying 
bacteria  of  the  plankton.  In  nature  the  inorganic  com- 
pounds containing  nitrogen  are  present  in  three  forms, 
as  ammonia,  as  nitrates  and  nitrites.  No  plant  can 
develop  without  inorganic  nitrogen  compounds,  and  as 
all  animal  life  is  dependent  on  plant  life,  it  is  seen  that 
all  life  on  the  earth  is  ultimately  dependent  on  the 
presence  of  these  nitrogen  compounds.  It  is  therefore  of 
importance  to  endeavour  to  trace  their  circulation.  The 
three  above-named  nitrogen  compounds  and  their  com- 
binations as  well,  are  soluble  in  water.  By  the  action  of 
the  atmospheric  agents  the  nitrogen  compounds  of  the 
land  are  gradually  being  washed  out  of  the  soil,  and 
find  their  way  by  means  of  rivers  to  the  sea.  It  is  calcu- 
lated that  the  Bliiiie  alone  carries  over  130  thousand 
million  grams  of  nitrogen  every  year  into  the  sea,  and  the 
total  amount  annually  conveyed  by  all  rivers  of  the  world 
is  computed  to  be  not  less  than  39  billion  grams.  But 
for  the  action  of  denitrifying  bacteria  the  ocean  would 
long  since  have  become  poisoned  by  the  excess  of  nitrogen 
compounds. 

These  denitrifying  bacteria,  however,  exercise  a 
reducing  action  on  the  nitrogen  compounds,  so  that 
nitrates  are  first  of  all  reduced  to  nitrites,  then  to  ammonia 
and  lastly  to  free  nitrogen.  In  this  way  the  excess  of 
nitrogen  compounds  in  the  ocean  are  destroyed.  The 
identification  of  the  different  species  of  Bacteria  that  carry 
on  the  decomposition  processes  in  the  sea,  the  investiga- 
tion of  their  mode  of  operation  and  their  mode  of  life  and 
their  distribution  in  the  sea  is  a subject  of  the  greatest 
importance. 
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A stiiclv  of  the  results  already  obtained  by  the  German 
investigators  leads  to  the  following  conclusions.  In 
general  the  shallower  waters  are  richer  in  plankton  than 
the  deeper  seas,  and  of  the  latter  the  Sargasso  Sea  is 
exceptionally  poor.  In  the  shallower  seas  the  influence  of 
the  bottom  and  of  the  solid  land  is  quite  appreciable. 
The  plants  have  therefore  in  a smaller  layer  of  water  more 
food  material,  whereas  in  the  deeper  seas  the  inorganic 
nitrogen-containing  food  material  is  distributed  over  a 
very  much  larger  volume  of  water,  only  the  upper  layers 
of  which  are  capable  of  supporting  plant  life.  The  food 
material  in  the  lower  layers,  which  are  devoid  of  sunlight, 
cannot  be  used  up  by  plants.  Apstein  (5)  divided  the 
fresh  water  lakes  of  Holstein  into  two  groups,  rich  in 
plankton  and  poor  in  plankton.  Brandt  investigated  the 
proportion  of  nitrates  in  the  different  lakes  by  means  of 
the  diphenylamine-sulphuric  acid  reaction  (9,  p.  228, 
footnote).  Bhe  investigation  of  the  lakes  rich  in  plankton 
gave  a result  which  showed  them  to  be  rich  in  nitrogen 
compounds  ; while  the  lakes  poor  in  plankton  were  found 
on  the  contrary  to  contain  but  a small  proportion  of  these 
compounds. 

Another  important  result  deduced  from  the  quantitative 
plankton  investigations  is  that  the  tropical  and 
sub-tropical  seas  are  comparatively  poor  in  plankton, 
while  the  arctic  seas  are  richer.  On  the  dry  land  the 
contrary  is  the  case  with  regard  to  the  vegetable  products. 
It  would  appear  that  the  true  cause  of  the  wealth  of  the 
cold  and  the  poverty  of  the  warm  seas  in  plankton  is  to  be 
sought  for  in  the  different  amount  in  which  the  denitrify- 
ing bacteria  are  present,  and  the  influence  which  they 
exert  on  the  presence  of  the  nitrogen  compounds  in  the 
water.  If,  as  is  apparently  the  case,  a not  inconsiderable 
denitrification  takes  place  in  the  ocean,  then  it  is  probable 
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that  a destruction  of  the  most  important  nitrogen-con- 
taining inorganic  food  su])ply  of  plants  takes  i)lace  to  a 
greater  extent  in  the  warmer  seas,  since  the  activity  of  the 
bacteria  in  the  lower  temperatures  of  the  arctic  seas  would 
not  be  so  great  as  in  the  higher  temperatures  of  the 
warmer  seas,  and  consec^uently  the  same  amount  of  des- 
truction would  not  go  on  in  tlie  former  case  as  in  the  latter. 

As  a practical  bearing  of  this  question,  it  may  be  asked 
whether  the  sewage  (feposited  in  or  washed  out  to  sea  is, 
as  is  commonly  supposed,  wasted  ? The  answer  must  be 
in  the  negative.  The  bacteria  present  in  the  sea  water 
convert  the  sewage  material  into  nitrates,  nitrites  and 
ammonia  salts,  which  can  be  used  up  by  the  planktonic 
plants.  These  in  turn  are  devoured  by  Copepoda  and 
similar  animals.  These  are  then  the  prey  of  fish,  which 
are  in  turn  the  food  of  man,  himself  ultimately  destined 
for  bacteria,  and  so  the  cycle  perpetually  runs  its  course. 

About  19  million  kilograms  of  nitrogen  are  yearly  with- 
drawn from  the  North  Sea  in  the  shape  of  edible  fish.  This 
represents  more  than  one-half  of  the  nitrogen  present  in 
the  North  Sea  at  any  given  time.  It  is  therefore  obvious 
that  the  balance  must  be  made  up  in  the  form  of  material 
derived  from  the  land,  and  in  this  respect  the  sewage 
which  annually  drains  into  the  North  Sea  cannot  but  be 
of  importance,  and  hence  must  not  be  regarded  as  wasted. 

Criticisms  of  the  Hensen  Method. 

The  Hensen  method  has  been  severely,  and  it  seems  to 
me,  unfairly  criticised  by  Haeckel.  ^ 

Haeckel  particularly  objects  to  the  estimation  of  the 
adult  fish  from  the  number  of  floating  eggs,  but  he  has 
entirely  misapprehended  Hensen’s  point  of  view.  Hensen 

1 Plankton  Studien.  Jena.  G.  Fischer.  1895. 
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endeavours  to  estimate  the  number  of  fish  already  present 
in  the  sea  from  the  number  of  eggs  produced  by  them,  and 
not  as  Haeckel  supposes,  the  number  of  fish  those  eggs 
will  ultimately  produce.  In  addition,  Haeckel  is  of 
opinion  that  the  plankton  of  the  warmer  seas  is  richer 
than  that  of  the  colder ; but  it  must  be  remarked  that  his 
opinion — it  is  nothing  more — is  based  on  qualitative 
methods,  whereas  the  methods  of  Hensen  are  based  on 
quantitative  experiments,  carefully  carried  out,  and  their 
results  have  therefore  a more  sure  and  firmer  foundation. 
Space  does  not  allow  me  to  enter  into  the  discussion  of 
these  and  other  points  raised  by  Haeckel.  It  is  perhaps 
sufficient  to  say  that  his  objections  have  been  satisfactorily 
answered  by  Hensen^  and  Brandt.^ 

Kofoid^  has  recently  published  a criticism  of  the  Hensen 
method.  He  employed  the  method  in  the  investigation 
of  the  fresh  water  lakes  in  the  district  of  Illinois,  and  he 
found  that  for  the  silk  bolting  cloth  No.  20  the  meshes 
were  far  too  large  and  consequently  most  of  the  material 
slipped  through,  and  his  quantitative  results  were  value- 
less. He  further  considers  that  the  quantitative  method 
of  fishing  with  the  plankton  net  is  entirely  impracticable, 
on  account  of  the  closure  of  the  meshes  by  the  captured 
organisms,  so  that  the  filtration  capacity  of  the  silk  cloth 
and  of  the  net  itself  varies  in  an  uncontrollable  manner. 
Therefore  it  is  impossible  to  estimate  what  volume  of 
water  has  been  fished  through,  and  the  estimation  of  the 
volume  or  the  number  of  the  plankton  constituents  is  in  a 
like  manner  uncertain.  On  these  grounds  Kofoid  wishes 

1 Die  Plankton  Expedition  und  Haeckel’s  Darwinismus.  Kiel,  1891. 

<2  Haeckel’s  Ansicliten  iiber  die  Plankton-Expedition.  Sclirift.  d. 
Naturw.  Vereins  Schles-Holst.  Bd.VIII.  Heft  2.  1891. 

^ “ On  some  important  sources  of  error  in  the  Plankton  Method.” 
Science,  N.  S.,  vol.  G,  pp.  829-832. 
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to  substitute  pump  and  filter  for  the  Hensen  vertical  net, 
wliicli  he  considers  useless. 

It  may  be  stated  as  a general  proposition  that  no 
scientific  method  is  perfect  and  incapable  of  being 
imi, roved  upon.  Hensen  himself  is  well  aware  of  the 
defects  of  the  method.  With  a view  of  confirming  or 
reiecting  the  use  of  the  net  for  such  purposes  as  fish-egg 
enumeration  and  determination  of  the  most  important 
constituents  of  the  plankton,  for  which  it  was  primarily 
intended,  Lohniaiin  (10)  has  recently  undertaken  a number 
of  observations  on  the  .Stollergrund  (Baltic  Sea),  the  results 
of  which  have  just  been  published,  and  are  of  considerahle 

interest  and  importance.  i r+ 

On  the  8th  November,  1899,  Lohmann  obtained  7b  lities 

of  water  from  the  Stollergriind,  and  carefully  filtered  i , 
first  of  all  through  the  silk  bolting  cloth  No.  20,  am  su  i- 
sequently  through  filter  paper.  The  results  were  then 
tabulated,  and  the  most  important  are  here  quoted, 
plants,  the  auxospores  of  Che^toeero,  and  small  species  o 
Naviculace*  entirely  escaped  through  the  meshes  of  the 
net  Of  small  forms  of  Coseinoihscus,  98Ti  per  cent,  in  a 
like  manner  escaped.  The  percentage  of  forms  m he 
case  of  the  Diatomaceie  was  almost  invariably  laige,  m e 
case  of  Cocconeis,  Nitschia,  and  Sceletonema  costatmn  being 
over  90  per  cent.  But  of  the  most  important  Diatom,  tha 
is  the  largest  form  of  Coscinodiscus  (208p),  all  specimens 
were  retained  by  the  silk  clotli.  Of  the  Beridinem,  10  pei 
cent  of  Dimphysis  rotundata  and  98'7  per  cent,  of  1 roro- 
centrum  vdcms  escaped  capture.  Of  Ceramm  tripos  vai. 
teryestina  and  var.  haltica  96-8  and  99'3  per  cent,  were 
respectively  retained. 

The  whole  of  the  specimens  of  Peridmmm  dirergenswere 
also  retained  as  were  the  OsciUaria  threads.  Of  the 
Tintinnem,  97  per  cent  of  Tintinnus  acmnmatus  escaped, 
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but  of  Codonella  campanula  the  whole  were  retained.  With 
regard  to  the  eggs,  only  19  per  cent,  of  the  egg  sacs 
of  the  Copepoda  were  lost,  eggs  (of  81 diameter)  with 
a shell,  as  well  as  eggs  (127  diameter)  with  a soft 
membrane,  were  invariably  retained. 

With  regard  to  the  invertebrate  larvae,  young  larvae, 
with  a ciliated  ring,  invariably  escaped  capture.  Of  Cope- 
pod  larvae  14  per  cent,  escaped.  With  regard  to  the  larger 
and  more  important  animal  constituents  of  the  Plankton, 
a decided  improvement  is  noticed.  Of  adult  Copepoda 
only  one-third  per  cent.  (0‘3)  escaped  capture,  while 
Evadne,  Podon,  worm  larvae  with  long  bristles,  Sagitta, 
young  mussels  and  gastropods,  Cyjdiouautcs,  Oikopleiira, 
and  (?)  Plamda  were  invariably  totally  retained  by  the  silk 
cloth. 

It  is  thus  seen  that  the  individuals  which  escape  play 
a small  and  insignificant  part  in  the  total  volume  or  weight 
of  the  plankton,  while  the  larger  and  more  important 
individuals  are  invariably  retained. 

Kofoid’s  results,  being  based  on  observations  made  on 
fresh  water  plankton,  are  not  directly  comparable  to  the 
results  obtained  from  the  sea,  since  the  nature  of  the 
plankton  is  in  both  cases  very  different,  in  the  former  con- 
sisting to  a much  greater  extent  of  the  very  smallest  Algse 
and  Protozoa. 

The  Latest  Form  of  the  Plankton  Nets. 

To  meet  the  objections  raised  by  Kofoid,  which  were  in 
a measure  substantiated  by  the  experiments  of  Lohmann, 
Hensen  (11)  has  devised  two  nets  which  will  capture  the 
smallest  organisms  in  the  plankton,  and  which  are  briefly 
described  below.  These  nets,  being  protected  externally 
by  a strong  metal  covering  can  be  used  from  a steamer 
which  is  travelling  at  a fair  rate  of  speed. 
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Tlio  first  of  these  nets  is  the  basket  net  Korbnetz  ”), 
so-called  because  the  protective  covering  was  originally 
of  basket  work.  This  has  now  been  dispensed  with,  and 
a strong  metal  covering  has  been  substituted.  This  net 
IS  shown  in  section  (fig.  10).  ^ is  a strong  metal  covering 


240  mm.  high,  which  at  B is  soldered  to  a thick  metal 
ring.  C is  a hollow  metal  cone,  which  is  so  screwed  on  to  ^ 

the  cover  T)  that  a ring-shaped  opening  is  formed.  The 

diameter  of  the  cone  at  this  point  is  40  mm.  ; the  diameter 
of  the  outer  edge  of  the  ring-shaped  opening  is  48  mm.  ; 
The  whole  cover  is  fastened  on  to  the  metal  conical  cover-  \ 
mg  by  means  of  three  overfall  screws,  one  of  which  is  | 

represented  at  E.  The  cover  D rests  on  a ring  F which  ) 

is  covered  with  fustian,  and  to  which  the  net  {N)  itself  is  ] 
sewn.  When  m use  the  net  expands,  because  in  the  under 
suiface  of  the  metal  cone  there  are  two  small  apertures  of 
a total  area  of  5‘5  square  centimetres.  Through  these 
openings  the  water  escapes,  and  so  the  expansion  of  the 
net  is  brought  about. 

ihe  net  is  let  overboard  over  the  stern  of  the 
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ship  while  still  in  motion,  with  sufficient  rope  to 
allow  it  to  remain  under  hut  near  to  the  surface. 
It  is  allowed  to  remain  out  for  ten  minutes  or  a little 
longer,  then  hauled  in  and  the  plankton  emptied  into  a 
glass  trough.  If  the  net  is  allowed  to  remain  out  too  long, 
it  becomes  so  blocked  up  with  plankton  that  it  filters 
badly.  In  this  way  the  pressure  on  the  net  becomes  con- 
siderably increased,  and  it  is  liable  to  become  ruptured. 
When  used  during  the  above-mentioned  time  the  Appen- 
dicularia  are  captured  uninjured  and  alive.  If  the  catch 

very  slimy,  the  net  gets  stopped  up  sooner  than  usual. 
Aimough  Hensen  described  the  construction  of  this  net, 
and  its  mode  of  use,  fourteen  years  ago,  nets  of  similar 
character  have  been  described  by  other  investigators. 
Borgert  has  described  a modification  which  differs  from 
the  Hensen  ‘‘  Korbnetz  ” in  that  it  is  quite  free  behind. 
Hensen  considers  that  the  strain  on  the  net  in  that  case 
would  be  too  great,  and  that  the  net  would  be  easily  torn, 
but  Borgert  has  not  found  such  to  be  the  case.  The 
calculation  of  the  volume  of  water  which  passes  through 
this  net  in  a particular  instance  is  complicated,  and 
depends  on  a number  of  variable  factors,  among  which  are 
the  area  of  the  opening,  the  length  of  time  the  net  is  out, 
the  speed  of  the  steamer,  the  angles  formed  by  the  rope 
attached  to  the  net,  to  the  perpendicular,  when  being  let 
out  and  when  being  pulled  along.  This  net  serves 
admirably  for  the  capture  of  plankton  from  a steamer 
when  going  at  full  speed. 

The  latest  form  of  quantitative  plankton  net,  and  one 
which  ^ like  the  Korbnetz,  is  capable  of  being  used  from 
a steamer  going  at  full  speed,  is  one  devised  by  Petersen 
and  improved  by  Hensen,  here  designated  as  the  Petersen- 
Hensen  net  (fig.  II).  This  net  combines  a strong  pro- 
tective covering,  with  an  aperture  of  the  smallest  possible 


336  TRANSACTIONS  LIVERPOOL  BIOLOGICAL  SOCIETY. 

dimensions  and  a filtering-  surface  of  very  large  area.  The 
cubical  capacity  of  the  net  is  also  as  small  as  possible,  so 
that  when  it  is  hauled  up  it  is  unnecessary  to  wait  so  long 
for  the  water  which  remains  in  it  to  filter  through.  It  is 
also  easy  to  unfold  the  net,  to  wash  out  its  contents,  and 
replace  it  in  the  metal  covering.  In  order  to  increase 
the  surface  of  a net  either  its  length  or  its  circumference 
can  be  increased.  Hensen  at  first  tried  pushing  in  the  net 
on  itself,  in  a similar  manner  to  that  in  which  the  finger 


Fig.  11. 


of  a glove  can  be  pushed  in.  This  form  was  given  up 
because  the  net  was  inconveniently  long  and  the  end  very  i 
narrow.  The  case  might  be  made  square  and  the  surface 
increased  by  deep  foldings,  so  that  the  surface  resembles 
a photographic  camera.  This  form  would  be  very  con-  ‘ 
venient  and  practicable  if  the  net  could  always  be 
arranged  in  such  folds.  A spiral  arrangement  of  the  net 
appears  impracticable,  therefore  the  net  has  been  folded 
in  the  direction  of  its  longitudinal  axis,  as  was  done  by 
Hensen  for  his  cylinder  net  (4,  p.  Ill),  but  with  the 
modification  that  the  net  lies  in  a basis  that  can  be  fully  ( 
withdrawn  from  the  metal  covering.  I 
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There  are  two  rows  of  metal  rods,  which  serve  to  keep 
the  net  in  place.  The  inner  row,  not  visible  in  Fig.  11,  is 
attached  to  the  lower  metal  ring  R' . This  row  of  rods  is 
external  to  the  net.  The  outer  row  attached  to  the  ring 
R is  inside  the  net,  and  serves  to  keep  its  folds  in  position. 
When  the  headpiece,  H,  is  taken  oh  from  the  metal  cover- 
ing, W,  it  is  possible  to  remove  the  upper  ring  R with  the 
attached  rods,  which  lie,  as  has  been  noted  above,  outside 
the  net.  The  net  itself  can  be  subsequently  removed, 
inverted,  its  contents  washed  out,  and  it  can  then  be 
replaced  in  the  metal  covering. 

Attached  to  the  upper  end  of  this  covering  are  three 
metal  rings.  To  the  ring  X a weight  of  about  half-a- 
hnndredweight  is  attached,  the  use  of  which  is  indicated 
below.  To  the  ring  Y,  and  to  a similar  ring  180^  away 
from  it,  ropes  are  attached  which  allow  of  the  net  being 
let  out  and  hauled  in.  The  cover  is  fastened  to  the 
cylinder  by  means  of  three  overfall  screws,  two  of  which, 
>S^  and  S',  are  shown  in  the  figure. 

In  the  cover  H of  the  cylinder  there  is  a turbine  to 
which  an  indicator  is  attached,  by  means  of  which  the 
volume  of  the  inflowing  water  can  be  estimated.  The 
turbine  is  mounted  on  an  axis  provided  with  stones,  the 
points  on  which  the  turbine  rotates  are  of  Iridium-plati- 
num. Iron  is  useless  for  the  purpose,  as  it  so  soon 
becomes  rusty.  It  does  not  much  matter  if  a little  water 
flows  into  the  net  near  the  turbine,  that  is,  where  the 
turbine  rotates,  but  it  is  better  to  avoid  this  loss.  In  the 
tube  of  the  turbine  there  is,  therefore,  a sharp  cutter 
which  prevents  this,  and  also  serves  to  cut  to  pieces  any 
organisms  that  might  lodge  there,  and  prevent  the  rota- 
tion of  the  turbine.  On  the  axis  of  the  turbine  an  indi- 
cator is  placed.  This  measures  up  to  15,000  revolutions. 
When  the  turbine  has  revolved  1,400  times  about  500 
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litres  of  water  have  passed  throiipfh.  The  turbine  gives 
relativelv  true  volumes  of  water  when  used  at  fairly 
similar  velocities.  The  absolute  volume  may  be  estimated 
if  the  head  piece  he  ])laced  in  water  and  through  the  open- 
ing a measured  volume  of  water  he  poured.  The  amount 
for  one  rotation  is  0'44  litre. 

The  net  is  so  manipulated  that  it  cannot  quite  sink  to 
Ihe  bottom.  The  use  of  the  weight  mentioned  above 
obviates  this.  The  weight  itself  sinks  to  the  bottom,  and 
if  it  he  allowed  to  remain  there  the  net  itself  cannot  sink 
so  far.  It  is  possible  to  estimate  when  the  weight  touches 
the  bottom  by  trying  with  the  rope  or  by  greasing  the 
weight,  and  making  several  trials  for  the  depth.  The 
haul  is  a diagonal  one,  and  its  length  may  be  calculated 
if  the  following  factors  are  known : — the  velocity  with 
which  the  net  sinks,  the  distance  the  ship  has  travelled 
from  the  point  where  the  weight  touched  bottom,  and  the 
angle  between  the  rope  attached  to  the  net  and  the 
vertical. 

A number  of  drawbacks  stand  in  the  way  of  the  exacti- 
tude of  a quantitative  estimation  of  all  the  organisms 
which  are  retained  (usually)  in  the  net.  These  are — 

1.  The  ship  frequently  does  not  remain  in  the  same 

situation,  and  undercurrents  influence  the  net,  so 
that  possibly  more  of  the  upper  layers  is  Ashed 
through  at  one  time  than  another. 

2.  The  variability  of  the  pull  on  the  net  is  in  marine 

investigations  uncontrollable. 

3.  It  happens  on  account  of  the  length  of  time  the  net 

remains  damp,  and  the  subsequent  drying  in  the 
sun,  that  a shrinkage  is  set  up.  This  happens 
earlier  when  the  net  is  mishandled,  but  is  sooner 
or  later  unavoidable. 
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4.  Owing-  to  the  organisms  becoming  embedded  in  the 
pores  of  the  net  and  to  the  drying  of  slime  on  it,  it 
becomes  nltimately  permanently  stopped  up. 

Practical  Applications  of  the  Hensen  Method. 

It  cannot  be  denied  that  the  application  of  this  method 
has  yielded  valuable  and  important  results,  in  the  shape  of 
additions  to  our  knowledge  of  the  conditions  of  life  in  the 
sea,  and  more  particularly  that  portion  of  the  life  which 
comes  under  the  heading  of  plankton.  In  this  way  a 
great  step  forward  has  been  made.  The  plankton 
undoubtedly  forms  the  sole  food  supply  of  many  of  our 
most  important  food  fishes,  for  example,  the  herring,  sprat 
and  mackerel.  For  the  solution  of  the  problem  of  the 
migration  of  the  herring  we  must  probably  seek  further 
in  this  direction,  as  it  is  in  all  likelihood  connected  with 
the  variation  in  their  food  supply,  that  is,  in  the  variation 
of  the  plankton,  or  more  particularly  the  variation 
in  the  Copepod  constituents  of  the  same.  In  like  manner 
the  estimation  of  the  number  of  floating  fish  eggs  in  the 
sea  gives  us  an  idea  of  the  total  number  of  spawning 
fishes  present  at  that  time  in  the  portion  of  the  sea 
investigated. 

The  quantitative  method  thus  started  for  plankton  work 
might  be  capable  of  extension  in  other  directions.  It 
might  be  possible  to  estimate  how  much  valuable  human 
food  in  the  shape  of  fish  is  annually  consumed  by  por- 
poises and  dogfish  around  our  coast.  These  destroyers 
of  fish  are  undoubtedly  our  most  formidable  competitors, 
and  should  be  ruthlessly  destroyed.  Another  animal 
which  might  be  quantitatively  investigated  is  the  starfish. 
The  amount  of  damage  done  by  this  pest,  in  the  way  of 
destruction  of  mussel,  oyster  and  other  shell  fish  beds 
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might  be  estimated.  Hensen  has  suggested  a method  for 
couvertiiig  star  fish  into  manure. 


While  the  present  paper  was  in  tne  press,  there 
appeared  the  preliminary  announcement  of  a work  on 
Plankton  Methods,  by  Volk,^  who  has  investigated  the 
Plankton  of  the  Elbe  and  its  tributaries  and  the  harbour 
at  Hamburg.  He  found  that  he  obtained  no  exact  results 
by  the  Hensen-Apstein  method,  though  no  reason  is  given 
for  the  supposed  inexactitude.  He  therefore  suggests  a 
new  method,  which  consists  in  the  employment  of  a rotary 
pump,  with  a contrivance  for  pumping  up  water  from 
different  layers.  To  the  pump  is  attached  an  apparatus 
by  means  of  which  the  volume  of  water  can  be  measured, 
and  the  depth  to  which  the  lower  opening  of  the  pump  is 
sunk  can  also  be  ascertained.  The  water  is  first  of  all  filtered 
through  an  Apstein  net,  the  meshes  of  which  are  however 
not  small  enough  to  capture  the  smaller  organisms.  The 
water  is  therefore  subsequently  mixed  with  formalin,  and 
carefullv  filtered.  For  the  purpose  of  filtration  either 
porcelain,  burnt  clay,  silica  or  charcoal  may  be  used. 
The  organisms  were,  for  the  purpose  of  quantitative 
estimation,  shaken  up  in  a viscous  fluid  consisting  largely 
of  formalin,  and  a given  portion  of  the  fluid  was  weighed 
out  on  to  a glass  plate  and  the  organisms  counted.  Volk 
savs  that  he  has  such  solutions  which  after  10  months 
standing  have  no  deposit. 


1 Zur  Plankton-Methodik  (Vorlaufige  INIittheilung).  Zool, 
Anz.  1901.  p.  278, 
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SOME  ADDITIONS  to  the  FAUNA  of  LIVERPOOL 

BAY, 

Collected  May  1st,  1900,  to  AmiL  :]0tji,  1901. 

By  Andrew  Scott. 

[Bead  May  10th,  1901.] 

Since  the  publication  of  the  paper  by  I.  C.  Thompson, 
F.L.S.,  ami  myself  in  the  Transaotions  of  the  Society  for 
last  year,*  further  additions  to  the  published  lists  have 
turned  up.  The  new  records,  chiefly  Crustacea,  were 
found  while  carrying  on  various  investigations  oonnected 
with  fisheries  work  in  the  Piel  Lahoratory,  partly  during 
the  past  year  and  earlier  portion  of  the  present  one. 

This  report  represents  an  addition  of  thirty  species  not 
pieviously  recorded  for  the  district.  All  of  these  have 
come  under  my  own  observation.  The  additions  include, 
one  sporozoan  hsh  parasite,  six  worm  parasites  of  fishes, 
and  twenty-two  crustaceans,  represented  by  one  Macrurid, 
two  Sympoda,  one  Branchiurid,  four  Ostracoda,  and  four- 
teen Copepoda.  Of  the  Copepoda,  only  two  are  non- 
parasitic  ; the  other  twelve  are  parasites  on  various  fishes. 

I he  latter  include  one  new  species  and  another  for  which 
a new  genus  is  now  established.  A number  of  the  addi- 
tions are  here  recorded  for  the  first  time  from  the  sea 
round  the  English  coasts. 


Some  Recent  Additions  to  the  Fauna  of  Liverpool  Bay.  Trans. 
L’pool  Biol.  Soc.,  vol.  xiv.,  1900,  p.  139. 
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Protozoa. 

1. — Glugea  lojMi,  Doflein.t 

Glugea  lophii,  Mrazek,  Sporozoenstudien  II.  Sitz.  d.  Konigl. 
Bohmisclien  Gesellschaft  d.  Wissenschaften.  Mathematisch- 
naturwissenschaftliche  classe  (1899). 

The  cysts  of  this  protozoan  were  found  imbedded  in  the 
posterior  region  of  the  brain  of  the  Angler  fish  (Loj^hius 
piscatorius)  forming  a conspicnons  mass,  easily  visible  to 
the  naked  eye  when  the  brain  had  been  dissected  out. 
Very  much  larger  masses  of  cysts  were  found  surround- 
ing the  main  trunks  of  the  seventh  nerve  just  outside  the 
skulk  The  fish  measured  about  two  feet  in  length,  and 
was  caught  on  the  offshore  station  between  Lancashire 
and  the  Isle-of-Man,  April  19th,  1901.  Mrazek  obtained 
his  specimens  from  Lophius  caught  at  Triest  and  Naples. 

Vermes  (Trematoda). 

2.  *Dactylocotyle  pollacliii,  Van  Beneden  and  Hesse. 

Dactylocotyle  pollachii,  Van  Beneden  and  Hesse,  Recherches  sur 
les  Treinatodes,  p.  110,  pi.  xi.,  figs.  23-30  (1863). 

Attached  to  the  gills  of  Pollack  (^Gadus  pollacJiius) 
caught  on  the  offshore  stations  between  Lancashire  and 
Isle-of-Man,  March  13th  and  April  19th,  1901. 

3.  — 0 ctohothrium  merlangi  (Kuhn). 

Octostoma  vterlangi,  Kuhn,  Mem,  Mus.  d’hist.  nat.,  vol.  xviii. 
(1830.) 

Attached  to  the  gills  of  Whiting  {Gadus  merlangus) 
from  the  offshore  stations  between  Lancashire  and  Isle- 
of-Man,  March  13th,  1901.  This  species  has  been 
recorded  from  the  Firth  of  Forth,  by  Mr.  T.  Scott,  F.L.S., 
in  Thirteenth  Annual  Peport,  Fishery  Board  of  Scotland 
(Part  III.). 

t J.  Doflein,  Studien  zur  Naturgeschichte  des  Protozoen ; III. 
Ueber  die  Myxosporidien  Zool.  Jahrb.  Bd.  xi.  (1898.) 
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4. — *()ctohoilvriiim  scombri  (Kuhn). 

Octostoma  scombri,  Kuhn,  ]NIem.  Mus.  d’hist.  iiat.,  vol.  xviii. 
(1830). 

Attached  to  the  gills  of  Mackerel  caught  off  the  Manx 
coast,  August,  1900.  This  is  a very  slender  species  and 
unless  the  gills  are  carefully  examined  will  be  easily  over- 
looked. 

5 : — *()nchocotyle  ap pendiculaia  (Kuhn). 

Polystoma  appendiculatum,  Kuhn,  Mem.  Mus.  d’hist.  nat. 
vol.  xviii.,  p.  362  (1830). 

Attached  to  the  gills  of  Grey  Skate  [liaia  hatis),  caught 
on  the  offshore  stations  between  Lancashire  and  Isle-of- 
Man,  February,  1900.  It  is  easily  identified  by  having, 
in  addition  to  the  six  suckers  at  the  posterior  end,  a 
slender  median  appendage  arising  from  between  the 
suckers  and  passing  in  an  anterior  direction. 

6.  — ^Phylloriella  solece,  Van  Beneden  and  Hesse. 

Phyllonella  solece,  Van  Beneden  and  Hesse,  Recherches  sur  les 
Trematodes,  p.  70,  pi.  v.,  figs.  1-8  (1863). 

Attached  to  the  scales  on  the  “ white  side  ” of  the 
Common  Sole  {Solea  vulgaris),  caught  on  the  offshore 
stations  between  Lancashire  and  Isle-of-Man,  April  19th 
1901. 

7.  — Flac'imell a pini,  Yan  Beneden  and  Hesse. 

Placunella  pini.  Van  Beneden  and  Hesse,  Recherches  sur  les 
Trematodes,  p.  72,  pi.  v.,  figs.  9-18  (1863). 

Attached  to  the  gills  of  Yellow  Gurnard  (Trigla 
hirundo),  caught  on  the  offshore  stations  between 
Lancashire  and  Isle-of-Man,  April  19th,  1901. 

This  species  differs  in  some  respects  from  the  figure  of 
Placunella  pini  given  by  Van  Beneden  and  Hesse,  as  will 
be  seen  from  the  appended  drawing,  and  may  turn  out  to 
be  a different  species.  There  are  eight  distinct  and  two 
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indistinct  rays  in  the  large  posterior  sucker.  Van 
Beneden  and  Hesse  (op.  cit.)  give  a description  with 
figures  of  Trochopus  tnhiporns  (Diesing)  from  the  Yellow 
Gurnard,  but  the  above  species  does  not  appear  to  be  that 
form. 


Van  Beneden  and  Hesse,  from  ventral  surface.  X 16. 

There  is  no  doubt  that  by  careful  emmiuation  of  the 
various  fishes  taken  in  the  local  sea,  other  trematode 
parasites  will  in  time  be  found.  Practically  every  species 
of  fish  has  its  own  peculiar  parasites,  but  some  are  more 
easily  overlooked  than  others  on  account  of  their  small 
size  and  resemblance  to  the  particular  region  they  adhere 
to. 

Crustacea  {Macrura). 

8. — Ujiogehia  deltdura  (Leach). 

Gebia  deltaura,  Leach,  Malac.  Podolph.  Brit.,  t.  xxxi.,  fig.  9,  10. 

An  almost  perfect  specimen  of  this  curious  lobster-like 
crustacean,  measuring  imo  inches  in  length,  was  found  in 
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the  stomach  of  a haddock  caug'ht  on  the  offshore  station 
hetween  Lancashire  and  Isle-of-Man,  March  13th,  1901. 

The  UpogcMa  had  evidently  just  been  swallowed  by  the 
fish,  as  it  was  perfectly  fresh,  and  the  gastric  juices  had 
not  had  time  to  act  u])on  the  carapace.  It  belongs  to  the 
Callianassidee,  a family  of  Crustacea  whicli  burrow  under 
the  surface  of  the  sea  bottom,  and  as  Hev.  T.  H.  R. 
Stebbing  remarks,  “ are  more  often  obtained  from  the 
stomachs  of  fishes  than  by  intentional  methods  of  capture.” 

There  is  some  doubt  whether  this  species  is  really  dis- 
tinct from  Upogehia  stellata  (Montagu),  but  the  present 
form,  which  has  the  inner  branches  of  the  uropods  deltoid 
in  shape,  agrees  better  with  the  species  described  by 
Leach  than  with  Montagu’s  U.  stellata. 

Sympoda. 

The  Rev.  T.  R.  R.  Stebbing  in  his  memoir  on  some 
Crustacea  from  the  South  Seas  collected  by  Dr.  Willey 
(Willey’s  Zool.  Results,  part  Y.,  1900),  has  shown  that 
Cuma,  so  familiar  as  the  name  of  a genus  of  Crustaceans, 
is  preoccupied  ; and  as  the  subordinal  name  Cumacea  is 
derived  from  Cuma  and  must  also  lapse,  he  adopts  the 
name  Sympoda  for  this  sub-order  instead  of  Cumacea. 

9. — Eadorellopsis  dejormis  (Kroyer). 

Leucon  deformis,  Kr.,  Nat.  Tidsskr,  vol.  2 (2nd  series),  p.  194, 
pi.  4 (1846). 

This  peculiar  little  form,  though  probably  widely  dis- 
tributed, is  apparently  rare.  Only  one  specimen  has  so 
far  been  found  in  the  Irish  Sea.  It  is  easily  recognised, 
when  mixed  with  Eudorella,  by  the  turned  up  rostrum. 

In  bottom  material  collected  N.W.  of  Bahama  Light- 
ship, off  the  north  end  of  the  Isle-of-Man. 
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10. — Pseudocuma  similis,  G.  0.  Sars. 

Psendocmna  similis,  G.  0.  Sars.,  Crustacea  of  Norway,  vol.  iii. 
(Cumacea),  p 76,  pi.  53  (1900). 

It  is  probable  that  this  Cnmacean  has  been  passed  over 
as  a deep-water  form  of  Pseudocuma  cercaria  (Yan 
Beneden),  which  is  occasionally  met  with  in  the  sandy  bays 
round  the  Lancashire  coast.  Professor  G.  0.  Sars,  in  his 
work  on  the  Crustacea  of  Norway,  now  separates  it  from 
that  species,  and  shows  its  distinguishing  characters.  One 
of  these  is  the  presence  of  three  small  but  quite  distinct 
teeth  at  the  anterio-lateral  angles  of  the  carapace. 

In  the  same  gathering  as  the  last.  Two  specimens  were 

found. 

OSTRACODA. 

11,  — Cythere  pellucida,  Baird. 

Cythere  pellucida,  Baird,  British  Entomostraca,  p.  173,  pi.  xxi. 
fig.  7 (1849). 

This  form  is  very  abundant,  especially  during  the 
summer  months  on  the  muddy  sand  flats  along  the  coast. 

Common  on  the  mud  flats  near  Piel,  practically 
throughout  the  year. 

12.  Cythere  porcellanea,  Brady. 

Cythere  porcellanea,  Brady,  Ann.  and  Mag.  Nat.  Hist.,  ser.  iv.,  vol 
iii.,  p.  47,  pi.  vii.,  figs.  1-4. 

Usually  associated  with  C.  pellucida.  Some  care  has  to 
be  taken  in  identifying  tie  two  forms  owing  to  ^ the 
amount  of  variation  that  occurs  amongst  the  two  species. 
In  the  same  locality  as  the  last.  August,  1900. 

13 — Cythere  gihhosa,  Brady  and  Bobertson. 

Cythere  gihhosa,  B.  and  ~R.,  Ann.  and  Mag.  Nat.  Hist.,  ser.  iv. 
vol.  hi.,  p.  368,  pi.  xxi.,  figs.  1-3. 

This  ostracod  is  frequently  found  in  gatherings  from 
the  mud  flats  left  dry  by  the  receding  tide  asisociated  with 
C.  p^ellucida  and  C.  porcellanea,  but  is  easily  dis- 
tinguished from  either  of  these  species. 

In  tidal  pools  near  Piel.  August,  1900. 
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14. — C jitheropteron  humile,  ]5rady  and  Norman. 

CytJieropteron  humile,  B.  and  N.,  Monog.  of  the  Marine  and  F. 
W.  Ostracoda.  Trans.  Roy.  Dublin  Soc.,  vol.  iv.,  ser.  ii., 
p.  219,  pi.  XX.,  figs.  4-7  (1889). 

Many  speciniens  of  this  roniarkable  little  ositracod  were 
found  by  washing  waterlogged  and  decayed  wood  in  weak 
spirit,  and  examining  the  sediment.  This  appears  to  be 
the  true  habitat  of  the  s])ecies.  My  father,  who  first 
found  the  species  in  material  dredged  in  the  Clyde,  tells 
me  that  he  always  finds  it  when  examining  the  sediment 
washed  from  old  wood  brought  up  in  the  trawl  net,  and 
remarks  that  it  seems  to  be  partial  to  that  kind  of  habitat. 

In  waterlogged  wood  burrowed  by  wood-boring  Crus- 
tacea, collected  between  tide  marks  in  Barrow  Channel, 
near  Piel,  April  18th,  1901. 

Branchiura. 

15. — Argulus  foliaceus  (Linn). 

Monoculus  foliaceus,  Linn.  Syst.  Nat.,  edit.  10th,  1,643,  No.  2 
(1758). 

On  Trout  from  the  Bibble,  which  were  sent  to 
University  College,  Liverpool,  for  examination.  June, 
1900. 


CoPEPODA  (Free). 

l(i. — Stephus  gyrans  (Giesbrecht). 

Mohianus  gyrans,  Giesb.  Pelagischen  Copepoden  des  Golfes  von 
Neapel  (1893). 

Amongst  material  collected  in  Laminaria  bed,  near  Piel, 
at  a very  low  ebb.  August,  1900. 

17. — Idya  minor,  T.  and  A.  Scott. 

Idya  minor,  T.  and  A.  Scott,  Annals  of  Scottish  Natural  History 
Oct.,  1896. 

In  the  same  material  as  the  last  species. 
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18 Bomolochus  solece,  Claus. 

Bonwlodms  solea,  Claus,  Zeitsohrift  fur  Wissenschaft  Zool. 
vol.  xiv.,  p.  374. 

A number  of  specimens  of  tbis  Copepod  can  usually  be 
found  by  pressing  the  nostrils  of  Cod,  so  that  mucus,  &c., 
may  be  ejected.  The  mucus  is  then  placed  in  a drop  of 
water,  and  the  copepods,  if  present,  are  easily  seen.  Ihe 
females  have  two  large  white  egg  sacs. 

From  small  cod  caught  in  Bariw  Channel,  August, 
1900 ; and  also  in  the  nostrils  of  large  cod  caught  on  the 
offshore  fishing  grounds  between  Lancashire  and  Isle-o  - 
Man,  March,  1901. 

19. — C aligns  minimus,  Otto.  PI.  1,  figs.  1-8. 

Caligus  minimus,  Otto,  Beschreibung  neuer  Crustacean,  p.  354, 
pi.  xxii.  1828. 

This  is  a well  marked  species,  and  may  easily  be  dis- 
tino-uished  from  other  Caligi  by  the  long  slender  anten- 
iiules  and  large  caudal  stylets.  The  second  foot-jaws  in 
the  male  are  powerful  grasping  appendages. 

Frequent  in  the  mouth  of  the  Bass  (Lalrax  lupus), 
caught  in  Barrow  Channel,  August,  1900. 

Length  of  female,  4'9  mm. ; male,  6'9  mm.  It  is  rather 
unusual  to  find  the  males  of  copepod  fish  parasites  larger 
than  the  females. 

20. Caligus  hrevicaudatus,  n.sp.  PI-  H-,  figs-  I-IO- 

' Length  of  female,  6'-3  mm.  The  characters  which  dis- 
tinguish this  species  from  the  other  members  of  the  genus 
are,  1°  the  extremely  short  abdomen  and  caudal  stylets ; 
2°  the  fourth  pair  of  feet,  the  expedite  of  which  is  very 
slender. 

Inside  the  mouth  of  the  Common  Gurnard  (TrujU 
gurnardus)  caught  in  the  vicinity  of  Piel,  August,  1901. 
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P send ocaU (JUS,  nov.  gen. 

Animal  similar  io  C aligns.  The  general  structure  of 

the  various  appendages,  with  the  exception  of  the  fourth 
pair  of  feet,  is  the  same  as  in  that  genus.  Fourth  pair 
of  feet  very  rudimentary,  almost  obsolete,  consisting  of  a 
basal  portion  only  ; no  exopodite,  as  in  C aligns. 

21.  — Pseud  DC  aligns  hevifedes  (Basset  Smith).  PI.  II., 

figs.  l-(). 

Caligus  brevipedes,  B.  Smith,  Ann.  and  Mag.  Nat.  Hist.  (6), 
vol.  xviii.,  p.  11,  pi.  hi.,  fig.  1 (1896). 

A number  of  specimens  of  this  species  were  found  inside 
the  operculum  of  a three-bearded  E/ockling  {Onns  tricir- 
ratns),  caught  in  Barrow  Channel,  August,  1900.  Also 
on  another  one  sent  me  by  Mr.  Ohadwick,  Port  Erin, 
March,  1901. 

Length  of  female,  3'6  mm.  ; male,  2'8  mm. 

22.  — Lejjeop/itheirns  g)ollachii,  Basset  Smith. 

Lepeoptheirus  piollachii,  B.  Smith,  Ann.  and  Mag.  Nat.  Hist.  (6), 
vol.  xviii.,  p.  12,  pi.  iv.,  fig.  1 (1896). 

Attached  to  the  inside  of  the  mouth  of  Pollack  {Gadns 
jmUachius),  caught  on  the  offshore  stations  between 
Lancashire  and  Isle-of-Man,  March,  1900,  March  and 
April,  1901. 

23.  — Cycnns  pallidns  (Van  Beneden). 

Congericola pallidus,  Van  Ben.,  Bull.  Acad.  Eoy.  Belg.,  vol.  xxi. 
pi.  11  (1854). 

On  the  gills  of  the  Conger  {Conger  vnlgaris),  caught  in 
the  Barrow  Channel,  March,  1900  ; also  on  Congers  from 
the  ohshore  stations,  caught  at  various  times  during  the 
past  two  years.  A number  of  specimens  were  found  on 
each  fish  examined.  It  is  a small,  slender  species,  and 
easily  overlooked. 
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24. — Oralien  asellinus  (Linn). 

LerncBCL  asellina,  Linn.  Fauna  Suec.,  2101  (1761). 

On  the  gills  of  a Yellow  Gurnard  {Trigla  hirundo)  from 
the  offshore  station  between  Lancashire  and  Isle-of-Man, 
April  19th,  1901.  This  appears  to  be  a very  variable 
species,  and  the  figures  given  by  various  writers  on  fish 
parasites  all  show  differences,  more  or  less  marked.  The 
species,  therefore,  requires  further  study,  as  it  is  possible 
that  there  is  more  than  one  Oralien. 

0.5. — ChondraceintJms  cornnt'tis  (Muller). 

LerncEa  aniinta,  Muller,  Zool.  Dan.,  vol.  i.  (L/6). 

On  the  gills  of  Plaice  (Pleuronectes  'platessa)  from  the 
offshore  station  between  Lancashire  and  Isle-of-Man, 
March,  1900.  What  appears  to  be  a variety  of  this  species 
occurs  on  the  gills  of  the  Flounder  (P.  flesus)  from  the 
Barrow  Channel  and  other  parts  of  the  Lanoaishire  coast. 

20. C ho ndr acanthus  clavatus,  Basset  Smith. 

Chondr acanthus  clavatus,  B.  Smith,  Ann.  and  Mag.  Nat.  Hist.  (6), 
vol.  xviii.,  p.  13  (1896). 

On  the  gills  of  Lemon  Soles  {Pleuronectes  micro cefhalus) 
from  the  offshore  station  between  Lancashire  and  Isle-of- 
Man,  February,  1900,  and  also  from  Barrow  Channel. 

27.  — Chondr acanth^is  solecc,  Ivroyer. 

Chondr  acanthus  solcea,  Kr.,  Naturh.  Tidsskr.  I.,  p.  139  (1838). 

On  the  gills  of  the  Common  Sole  {Solea  vulgaris)  from 
the  offshore  station  between  Lancashire  and  Isle-of-Man, 
April  19  th,  1901. 

28.  — Charopinus  dalmannii  (Iletzius). 

Lernoea  dalmannii,  Hetz.  Froriep’s  Notizen,  vol.  xxix.  (1831). 

In  the  spiracles  of  the  Grey  Skate  {Raia  hatis)  from  the 
offshore  station  between  Lancashire  and  Isle-of-Man, 
February,  1900. 
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30. — * BrackieUa  inskliosa,  Heller. 

Bracliiella  insidiofia,  Heller,  Keise  der  Novara,  p.  289  (18G5). 

On  the  gills  of  the  Hake  {Merluccius  vulgaris)  from  the 
vicinity  of  Calf  of  Man,  1900. 

30. — ^l^rachielJa  oralis,  Kroyer. 

Anchondla  ovalis,  Kroyer,  Naturh.  Tidsskr.,  1,  p.  289  (1837). 

Attached  to  the  gill-rakers  of  the  Common  Gurnard 
{Trigla  gurnardus)  from  the  offshore  stations,  April,  1901. 
Also  from  the  gill-rakers  of  the  Yellow  Gurnard,  caught 
off  Conway. 


Note.— The  species  recorded  as  Chondracmitlms  radiatus,  Kr.,  in  the 
paper  by  Mr.  Thompson  and  myself,  published  in  the  Transactions  last 
year,  turns  out  to  be  Chondracanthiis  vierluccii,  Holten. 

The  species  marked  with  an  asterisk  are  described  and  figured  by  my 
father,  Mr.  T.  Scott,  in  the  XIX.  Ann.  Kept.  Fishery  Board  for  Scotland, 
part  iii.  For  other  fish  parasites  see  XVIII.  Ann.  Kept.  F.B.S. 
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Explanation  of  Plates. 

Plate  I. 

• C aligns  minimus,  Otto. 

Fig.  1.  Mature  female,  dorsal  view  x 19*25 

Fig.  2.  Mature  male,  dorsal  view  x 12*8 

Fig.  3.  Autennule  ^ 100 

Fig.  4.  Sternal  fork,  female  x 100 

Fig.  5.  Sternal  fork,  male  x 100 

Fig.  6.  Second  maxilliped,  female  x 77 

Fig.  7.  Fourth  foot  ^ H 

Fig.  8.  Second  maxilliped,  male  x 51 

Plate  II. 

Pseudocaligus  Tjrevij)edes  (Basset,  Smith). 

Fig.  1.  Mature  female,  dorsal  view  x 22 

Fig.  2.  Mature  male,  dorsal  view  x 22 

Fig.  3.  Sternal  fork,  female  x 77 

Fig.  4.  Sternal  fork,  male  x 77 

Fig.  5.  Fourth  foot  x 145 

Fig.  6.  Second  maxilliped,  male  x 77 

Caligus  hrevicaudatus,  n.sp. 

Fig.  7.  Mature  female,  dorsal  view  x 19*25 

Fig.  8.  Sternal  fork,  female  x 77 

Fig.  9.  Second  maxilliped,  female  x 75 

Fig.  10.  Fourth  foot 


Y 
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THE  NECK  GLANDS  OF  THE  MARSUPIALIA. 
By  James  Johnstone,  B.Sc. 

[Read  May  10th,  1901.] 

Tie  following  notes  are  a description  of  the  relation- 
slups  of  the  glaiMls  of  the  neck^the  thymus  organs,  the 
lyroul,  the  submaxillary  and  parotid  glands,  in  two 
marsupials,  Dendrolagus  and  Acrohates.  They  are  of 
interest  in  view  of  the  discovery  by  Symington,*  in  1898, 
o a superficial  cervical  thymus  gland  in  many  of  these 
animals,  an  organ  which  so  far  as  is  known  is  not  found 
in  any  other  group  of  mammalia.  It  would  appear  from 
the  forms  already  studied  that  this  superficial  thymus 
organ  is  characteristic  of  Hiprotodont  Marsupials,  and 
indeed  afEords  an  additional  distinction  between  these  and  ^ 
lie  Polypiotodont  families,  and  it  seems  very  desirable,  ' 

0 1 on  this  account,  and  in  view  of  the  remarkable  con-  ' 

s ancy  in  the  relations  of  the  thymus  in  other  mammals,  ■ 
that  as  many  genera  as  may  be  available  should  be 
described  mth  this  in  mind.  As  a general  rule  little 

attention  has  been  paid  in  most  descriptions  of  the 
ana  omy  of  Marsupials  to  the  topography  of  the  glands  of  i 
■ e neck  and  the  presence  of  this  remarkable  thymus  ^ 

lobe  has  long  been  overlooked.  t 

1 anr  indebted  to  Mr.  H.  C.  Eobinson,  Assistant  in  the  ' 
Zoological  Department,  University  College,  Liverpool,  for 

lese  two  animals,  which  were  collected  for  him.  The 
Dendrolagus  was  a young  male,  measuring  31  cm  from 
< he  snout  along  the  back  to  the  root  of  the  tail.  It  was 
ei  er  D.  lumhoUzi  or  D.  hennetti,  but  I am  unable  to 

’ The  Thjnnus  Gland  in  the  Marsnpialia.  Journ.  Anat.  and 
Physiology,  vol.  xii.  (N.S.),  1898,  pp,  278-291. 
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determine  its  species.  Dendrolagus,  the  tree-kangaroo,  is 
an  arboreal  macropid,  which  feeds  on  bark,  leaves  and  fruit ; 
Acrohates — the  pigmy  flying-phalanger — is  a very  small 
animal,  smaller  than  a mouse,  which  is  found  in  Queens- 
land, X.S.  AVales  and  Victoria.  It  too  is  arboreal,  living 


Fig.  1.  Dendrolagus ; superficial  dissection  of  the  neck — only  the 
integument  removed.  Natural  size. 

on  the  honey,  which  it  abstracts  from  flowers,  and  on  fruit. 
Only  one  species,  jjygmcEus,  is  known.  The  specimen 
described  here  was  a male,  measuring  13^  cm.  from  the 
snout  to  the  tip  of  the  tail. 


mus. 


Gld.Subina^.' 
Gld.  Parotid" 
M.sterno-hyo 


jujiilat  Ext. 

M.steYno-cleido- 
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])endrolagus  (Figs.  1 and  2). 

So  far  as  I can  find,  only  two  descrij)tions  of  the 
visceial  anatojny  of  this  genus  are  in  existence. 
Beddard*  has  described  the  abdominal  viscera,  certain  of 
the  great  bloodvessels  and  the  brain;  Owenf  gave  some 
notes  on  the  anatomy  of  a different  species,  and  refers  to 
the  unusual  size  of  the  parotid  glands.  In  the  specimen 
I dissected,  the  superficial  thymus  was  found  with  no 
other  dissection  than  dividing  the  skin  and  platysma  along 
the  middle  ventral  line  of  the  neck,  and  reflecting  back 
the  folds.  The  organ  had  two  lobes  of  nearly  equal  size, 
the  largest  of  which  had  a longitudinal  diameter  of  about 
20  mm.,  and  a transverse  diameter  of  18  mm.  It  was 
situated  on  the  upper  part  of  the  thoracic  wall,  covered 
only  by  skin  and  platysma,  and  lay  mostly  posterior  to  the 
anterior  extremity  of  the  sternum.  The  external  jugular 
veins  were  connected  by  a wide  anastomosing  vessel  at 
the  transverse  level  of  the  angles  of  the  lower  jaw.  The 
submaxillary  glands  were  situated  in  the  angles  of  the 
three  vessels  so  formed.  External  to  the  jugulars,  and  only  3 
separated  by  these  from  the  submaxillary  glands,  were  ' 
the  parotids,  large  thin  sheets  of  glandular  tissue,  about 
23  mm.  in  length,  extending  backwards  to  the  ears  on  the 
lateral  surfaces  of  the  neck.  All  these  glands  were  ) 
hardened,  imbedded  in  paraffin,  and  sectioned.  The  pre-  1 
servation  of  the  tissues  was  very  bad,  and  no  more  of  the  ^ 
minute  structure  of  these  organs  could  be  ascertained  than  ^ 
sufficed  foi  their  identification.  In  the  thymus  no  obvious 
distinction  into  cortical  and  medullary  portions  could  be 
made  out.  Hassall’s  corpuscles  were  however  present. 

On  the  visceral  anatomy  and  brain  of  Dendrolagus  hennetti. 

Proc.  Zool.  Soc.,  1895,  pp.  131-137. 

t Notes  on  the  Anatomy  of  the  Tree-Kangaroo  {Dendrolagus  iriustus). 

Proc.  Zool.  Soc.,  1852,  pp.  103-107. 
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Fig.  2 is  a representation  of  the  anatomy  of  the  deeper 
ventral  part  of  the  neck  and  thorax  of  the  same  animal. 
The  thoracic  thymns  is  seen  occupying  its  typical  mam- 


-M.  Stcruo-  cteido-  Mas 
-M.  Sterno-4Kyfold. 

"M.  0wO"%o]d. 
—Thyroid. 


A-CaYotid  coin; 
VL  Int.- 

N.  va^usr 
N.SjTn|>atKeticr^ 


Trciciiecs.. 


V.SukUviQ-irvV 


Medias^rlnum- 


Fig.  2.  Dendvolarjus  ; dissection  of  the  deeper  parts  of  the  neck  and 
thorax.  Natural  size. 


malian  position  in  the  anterior  mediastinal  cavity  over 
the  base  of  the  heart.  It  consisted  of  two  lobes,  and  was 
much  smaller  than  the  superhcial  organ.  No  extensive 
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fatty  degeneration  liad  taken  ]ilaee.  Rmaller  detached 
nodules  of  thymic  tissue  lay  along  the  roots  of  the 
carotid  arteries,  and  some  larger  masses  are  represented 
on  the  course  of  those  vessels  and  on  the  internal  surface 
of  the  left  external  jugular.  Such  poifions  of  thymus 
tissue  detached  from  the  main  gland,  and  lying  in  various 
positions  in  the  neck  or  in  close  association  with  the 
thyroid,  are  of  frequent  occurrence  in  many  mammals, 
and  probably  have  no  special  morphological  significance. 


Acrobates. 

From  a first  examination  it  appeared  that,  contrary  to 
expectation,  the  cervical  thymus  was  absent  in  this 
animal.  When  the  skin  was  divided  in  the  middle  line 
of  the  neck  and  reflected  outwards,  two  large,  paired, 
glandular  masses  were  seen  lying  in  the  angle  formed  by 
the  flexure  of  the  head,  in  contact  with  eadh  other  by 
their  internal  surfaces,  one  slightly  overlapping  the  other. 
Each  of  these  was  oval  in  shape,  the  transverse  diameter 
was  the  longer,  and  measured  about  8 mm.  They  were 
separated  from  the  parotid  glands,  which  occupied  their 
usual  positions,  by  the  external  jugular  veins.  On  dissect- 
ing away  these  structures  two  other  paired  glandular 
masses  were  seen  lying  underneath,  each  about  half  the 
size  of  the  more  superficial  mass  and  darker  in 
appearance. 

Closer  examination  showed  that  eadh  of  the  two  super- 
ficial glands  was  compound  in  nature  ; a very  slight  groove 
separated  it  into  inner  and  outer  portions.  The  inner 
portion  was  about  one-third  the  isize  of  the  outer,  and  was 
paler  in  colour.  The  compound  gland  was  hardened  and 
sections  were  made.  Sections  were  also  made  of  the 
underlying  lobes  and  of  the  parotid  glands. 
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A.  seotion  parallel  to  the  transverse  axis  of  the  outer 
lobe  showed  two  distinct  organs.  The  inner  smaller 
portion  had  all  the  characters  of  a thymns  gland,  except 
that  cortical  and  medullary  portions  were  not  distinct.  A 
few  Hassall’s  corpuscles  could  he  seen.  This  portion 
of  the  gland,  which  is  evidently  the  cervical  thymns  lobe, 
was  enclosed  in  the  same  sheath  as  the  outer  portion. 
The  latter  was  a salivary  gland.  A few  alveoli  are  repre- 
sented 111  fig.  3 (3).  It  is  evidently  a mixed  gland,  contain- 


Flg.  3.  Acrohates,  portions  of  the  salivary  glands— 1,  lower  lobe  of 
submaxillary;  2,  parotid;  3,  upper  lobe  of  submaxillary. 

ing  serous  and  mucous  alveoli.  The  former  are  composed 
of  cells,  staining  deeply,  and  with  the  nuclei  about  the 
centre  of  the  cell.  The  latter  are  made  up  of  cells 
staining  lightly,  and  with  the  nuclei  crowded  round  the 
lumen.  The  characters  of  the  underlying  lobes  are  repre- 
sented in  (1).  The  alveoli  are  larger,  and  as  a rule  their 
lumina  were  wider.  The  nuclei  were  near  the  external 
surfaces.  Marginal  or  “crescent”  cells  were  present, 
and  some  of  the  alveoli  had  the  character  of  the  darkly 
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staining  alveoli  of  (3).  The  parotid  gland  was  of  still 
another  type  ; three  alveoli  are  represented  in  (2).  All 
are  made  up  of  darkly  staining  cells,  as  in  the  serous 
alveoli  of  fig.  3.  The  nuclei  are,  however,  nearer  the 
external  surfaces  of  the  cells. 

The  submaxillary  gland,  therefore,  consists  of  two 
portions.  One  of  these,  a mixed  gland,  is  bound  up  with 
the  cervical  thymus,  to  form  one  structure.  The  other 
lies  underneath,  and  is  a mucous  gland.  The  parotid  is  a 
serous  gland. 

It  may  be  useful  to  summarise  here  what  has  been 
made  out  regarding  the  presence  of  this  cervical  thymus 
organ  in  the  families  of  the  Marsupialia.  Hepresentative 
genera  from  all  the  six  families  have  now  been  examined 
by  Professor  Symington,*  and  by  myself,t  and  the 
relationships  of  thoracic  and  cervical  thymus  organs  have 
been  ascertained  in  these  forms.  The  facts  may  be 
expressed  in  the  form  of  a table. 


Diprotodontia. 

Superficial  cervical  thymus 
always  present.  Thoracic  thymus 
usually  present,  hut  may  he 
absent. 

Macro'podidce. : — 

Macropus  bennetti. 

,,  rufus. 

,,  wilcoxii. 

,,  eugenii. 

,,  giganteus. 

,,  rufus. 

Dendrolagus  sp. 

Phalangeridce : — 

Trichosurus  vulpecula. 
Phascolarctus  cinereus. 
Acrobates  pygmseus. 
PhascolomyidcB : — 

Phascolomys  wombat. 


POLYPROTODONTIA. 

Superficial  cervical  thymus 
always  absent.  Thoracic  thymus 
usually  present,  but  varies  as  in 
other  mammalia. 

Didelphyidce : — 

Didelphys  virginiana. 

,,  pusilla. 

,,  murina. 

DasyuridcB  : — 

Dasyurus  viverrinus. 

,,  cancrivora. 
Thylacinus. 

Antechinomys  lanigera. 

Pcranielidce : — 

Perameles  gunni. 


* Symington,  Jour.  Anat.  Phys.  loc.  cit. 
t Johnstone,  Journ.  Linnean  Soc.  London,  vol.  26,  pp.  537-557.  1898. 
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These  are  nearly  all  the  forms  examined.  The  results 
obtained  from  several  others  (nof  included)  are  rather 
doubtful,  and  renewed  investigation  is  desirable.  So  far 
as  the  facts  go,  they  support  the  view  suggested  by 
Symington,  that  the  superfioial  cervical  thymus  is  absent 
in  polyprotodont  marsupials,  as  in  all  other  mammalia  in 
which  the  anatomy  of  the  neck  has  been  investigated  in 
suthcient  detail,  and  is  characteristic  of  Diprotodontia. 
The  number  of  forms  examined  is  still  somewhat  small, 
and  it  is  desirable  that  the  possible  presence  of  a cervical 
thymic  organ  should  be  kept  in  mind  in  dissections  of 
marsupials.  It  has  been  seen  that  this  structure  may 
enter  into  intimate  association  with  the  submaxillary 
gland,  and  its  presence  may  be  overlooked  where  such 
relations  exist  if  the  organs  are  not  identified  micro- 
scopically. 

The  morphology  of  the  cervical  thymus  is  obscure,  and 
until  its  development  has  been  worked  out  in  sufficient 
detail  little  can  be  said  as  to  its  relation  to  the  other 
organs  arising  from  the  embryonic  branchial  pouches. 
It  appears  probable  that,  like  thymus  and  thyroid,  it 
arises  from  one  or  other  of  the  posterior  pouches.  It  is 
now  known  that  various  other  organs  arise  in  connection 
with  the  thyroid  and  thymus  glands,  and  may  enter  into 
variable  relations  with  those  structures.  In  connection 
with  the  thyroid  (itself  a compound  structure),  there  are 
always  two  much  smaller  glandular  bodies  in  association 
with  eadh  lateral  thyroid  lobe.  These  are  the  “ glandulse 
parathyroidse  ” of  Sandstrom  (epithelial  corpuscles  of 
Kdhn),  and  their  development  is  now  fairly  well  known.* 
One  of  these  bodies,  the  internal  epithelial  corpuscle 
(“  Gllandule  thyrodienne  ” of  Simon)  is  always  sunk  in 


* See  C.  Simon,  Thyroide  laterale  et  glandule  thyroidienne  chez  les 
mammiferes.  Nancy,  1896. 
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tke  tissue  of  the  thyroid  lohe,  with  w^hich  it  is  associated. 

It  is  derived  from  the  lateral  thyroid  anlage,  and  so  from 
the  fourth  brauchial  pouch.  The  other,  the  external 
ej)ithelial  corpuscle  (“  Glandule  thymique  ” of  Simon) 
always  lies  outside  the  thyroid  lobe  at  a variable  distance. 

It  arises  in  association  with  the  thymus  from  the  third 
branchial  pouch. 

I have  described  elsewheref  a connection  between  the 
cervical  thymus  and  the  thyroid  lobe  of  the  same  side  in 
a foetal  Macropus,  in  the  form  of  a cord  of  cells  uniting 
the  two  organs.  This  suggests  a relation  of  the  former 
organ  to  the  thyroid  rather  than  to  the  thymus  organ  in 
the  mediastinal  space.  It  is  possibly  the  case  that  the  < 
cervical  thymus  may  correspond  to  one  of  the  epithelial 
corpuscles,  though  its  minute  structure  does  not  resemble 
that  of  the  latter  (which,  however,  may  be  very  variable), 
and  its  superficial  position  is  against  this  view.  The 
nature  of  the  structure  can  be  only  a matter  of  conjecture, 
however,  until  its  development  is  made  known.  i 


t JoiuTj.  Linnean  Soc.,  London,  vol.  xxvi.,  p.  546. 
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A LIST  OF  THE  HTMENOPTEBA-ACULEATA  so  far 
OBS'EEVED  IN  THE  COUNTIES  of  LANCASHIRE 
AND  CHESHIRE,  WITH  NOTES  on  the  HABITS 
OF  THE  GENERA. 

By  AVillodghby  Gardner,  E.L.S.,  F.R.G.S. 

[Read  May  10th,  1201.] 

Compared  with  the  generally  favoured  and  now  well- 
exploited  Lepidoptera  and  Ooleoptera,  but  little  work  has 
been  done  in  the  counties  of  Lancashire  and  Cheshire  up 
to  the  present  time  in  the  order  Hynienoptera.  We  have, 
however,  had  several  observers  here  and  there,  who,  during 
a series  of  years,  have  paid  some  attention  to  the  Aculeata. 

The  first  of  these  who  has  left  us  any  records  is  that 
excellent  entomologist  the  late  Mr.  Benjamin  Cooke,  who 
resided  at  Hazlegrove  and  afterwards  at  Southport,  and 
whose  observations  extended  not  only  around  these  places, 
but  also  especially  over  Delamere  Forest  and  the  Wirral. 
The  result  of  his  work  is  fortunately  preserved  to  us  in  the 
“Aaturalist”  for  December,  1879,  and  January,  1880. 
His  records  are  marked  B.C.  in  the  following  pages. 

The  next  observer  in  our  district  was  that  well-known  local 
naturalist  the  late  Hev.  H.  H.  Higgins,  M.A.,  of  Rain- 
hill.  He  collected  the  Aculeata  during  a number  of  years 
in  his  own  neighbourhood,  and  also  at  many  other  places 
in  the  two  counties.  He  kindly  handed  over  his  notes  to 
the  writer,  and  they  appear  here  under  the  initials  H.H.H. 

Other  collectors  who  have  at  various  times  worked  in  the 
district  are — Miss  E.  C.  Tomlin,  Chester — E.C.T.  Mr.  R. 
Xewstead,  F.E.S.,  Chester— R,X.  Mr.  J.  Ray  Hardy, 
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Manchester — J.R.H.  Mr.  J.  T.  Green,  J3irkenhead — 
J.T.G.  Their  notes,  and  the  full  use  of  their  collections, 
most  generously  given,  have  very  largely  contributed  to 
the  present  list.  The  initiafs,  as  above,  distinguish  their 
several  records  in  the  text.  Where  no  initials  occur,  the 
writer  is  himself  responsible  for  the  statement. 

In  the  year  1892  a “ Preliminary  List  of  the  Hymenop- 
tera  Aculeata  of  Lancashire  and  Cheshire  ” was  published 
in  the  ‘'British  Xaturalist,”  Yol.  II.,  by  the  present 
writer,  and  included  all  observations  made  to  that  date. 
Since  that  time  much  less  work  has  been  done  locally 
among  the  Aculeata  than  could  have  been  wished, owing  to 
our  surviving  observers  being  engaged  in  other  researches, 
or  else  living  outside  the  limits  of  our  two  counties. 
But  some  additions  to  our  local  Fauna  have  nevertheless 
been  made,  and  our  knowledge  of  the  range  of  many 
species  has  been  considerably  extended,  while  one  or  two  ■ 
former  records  have  been  proved  to  require  correction. 
Also,  by  the  publication  in  189b  of  Mr.  Edward  Saunders’  | 
“ Hymenoptera- Aculeata  of  the  British  Islands,”  changes 
have  been  made  in  nomenclature,  &c.,  so  that  a new  list 
has  become  still  further  necessary  for  our  local  faunistic 
literature. 

It  will  be  seen  from  the  above  list  of  *our  local  j 
workers  that  observations  hitherto  made  have  extended  \ 
over  but  a portion  of  our  two  counties,  and  that  therefore  \ 
we  are  at  present  far  short  of  sufhcient  data  for  a complete  ' 
Aculeate-Hymenopterous  Fauna  of  the  district.  Still, 
even  as  a basis  for  future  work,  it  would  appear  to  be 
desirable  to  bring  together  the  information  obtained  up 
to  date,  and  to  this  end  the  following  paper  is  contributed 
to  the  Transactions  of  the  Liverpool  Biological  Society. 

The  difficulty  of  naming  obscure  species  correctly  is 
often  great.  The  writer  and  our  local  collectors,  however. 
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have  had  the  kind  and  generous  assistance  ot  Mr.  Edward 
Saunders,  E.L.S.,  in  this  matter,  which  is  hereby  grate- 
fully acknowledged. 

In  order  to  make  a mere  list-  of  more  interest  to  local 
entomologists  who  have  as  yet  had  no  experience  of  the 
Aculeata,  and  who  it  is  hoped  may  be  induced  to  pay  some 
attention  to  them  in  the  future,  a brief  resume  of  the 
interesting  habits  of  the  British  genera  is,  by  suggestion, 
included  with  the  following  records  of  our  local  species. 
For  this  the  writer  acknowledges  much  indebtedness  to 
the  works  of  Mr.  Edward  Saunders,  Professor  Perez, 
Schuckard,  E.  Smith,  and  others,  and  also  to  various  con- 
tributors to  the  “ Ent.  Mon.  Magazine.” 


PHYSICAL  GEOGRAPHY  AXD  CLIMATOLOGY. 

Physically  our  two  counties  of  Lancashire  and  Cheshire 
consist  chiefly  of  that  extension  of  the  great  midland 
plain  of  England  called  the  Western  Plain,  a long  tract  of 
level  country  lying  between  the  high  watershed  of  the 
Pennine  Chain  in  the  east  and  the  Irish  Sea  and  the 
mountains  of  Wales  on  the  west.  The  limits  of  our 
faunistic  district  are  thus  roughly  speaking  natural  ones. 
This  broad  plain  is  only  broken  by  a few  rocky  ridges  and 
hills  cropping  up  here  and  there  in  heights  varying  from 
300  to  600  feet ; but  along  its  eastern  borders  and  in  the 
north  the  continuous  highlands  become  mountainous,  and 
occasionally  attain  an  altitude  of  as  much  as  1,900  feet. 

I — regards  its  solid  geology,  the  district  mainly 
consists  of  sandstones  of  the  Triassic  age,  varied  in  places 
by  both  newer  and  older  formations.  Along  the  eastern 
'borders  of  Cheshire  and  projecting  into  the  centre  of  South 
Lancashire,  the  older  coal  measures  occupy  the  ground. 
From  beneath  these,  again,  the  millstone  grit  crops  np 
among  the  hills  along  the  extreme  eastern  edge  of  the  two 
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counties,  and  also  in  parts  of  northern  Lancashire.  In 
the  latter  district  other  carboniferous  rocks,  including  the 
mountain  limestone,  ap|)ear,  while  in  the  extreme  north 
there  is  a mass  of  Silurian  slate  rocks.  The  Triassic 
formations  are  in  great  part  covered  by  recent  boulder 
clays  and  sands,  which  have  filled  the  valleys  and  over- 
spread the  lower  plains ; large  peat  mosses,  now  much 
reduced  by  drainage  and  cultivation,  also  occur  here  and 
there  ; while  along  the  western  side  are  extensive  tracts 
of  post  tertiary  silts,  &c.,  covered  again  near  the  sea  coast 
by  hillocks  of  blown  sand. 

II.  — Such  geological  features  naturally  produce  much 
local  variety  in  the  flora  within  the  limits  of  our  district. 
The  central  plain  is  for  the  most  part  cultivated,  and 
therefore  without  marked  feature  ; the  low  hills  and  ridges 
cropping  up  out  of  it  are  generally  heath-covered  or  pine- 
clad  sandy  tracts,  with  the  plants  peculiar  to  such 
country  ; and  the  same  may  be  said  of  our  peat  mosses. 
The  limestone  district  of  North  Lancashire  and  the  sand- 
hill zone  of  our  coasts  each  produce  highly  specialised 
floras  ; and  thc'  last-named,  owing  to  lime  from  innumer- 
able snail  shells,  also  affords  a home  for  many  plants  found 
in  the  former.  Further,  the  absence  of  rocks  along  our 
shores  ensures  freedom  from  the  salt  spray  so  often 
destructive  of  vegetation  along  a coast  line  ; so  that  for 
several  reasons  our  sandhill  flora  is  particularly  rich. 

III.  — The  mean  annual  temperature  of  the  greater  part 
of  our  district  ranges  between  40®  and  50®  Fahr.,  or  about 
5®  lower  than  Central  and  Southern  England  ; the  mean 
summer  readings  average  60®  to  61®  Fahr.,  or  three  to 
four  degrees  less  than  the  Thames  Valley. 

IV.  — The  annual  rainfall  over  the  greater  part  of 
Cheshire  is  25  to  80  inches,  about  5 inches  more  than  the 
eastern  half  of  England,  including  the  lower  Thames 
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Valley ; but  to  the  V.E.  oi  the  comity  it  rises  to  30  to  40 
inches.  The  latter  figures  also  represent  the  fall  ovei  the 
S.  and  8.W.  of  Lancashire,  while  in  the  high  ground  along 
the  N.E.  and  the  extreme  N.  the  amount  increases  to  as 
much  as  40  to  50  inches. 

V.  — The  sunshine  of  our  district  has  been  averaged 
approximately  at  about  1,400  hours  per  annum ; there  is 
rather  more  along  our  dry,  sandy  coasts,  and,  owing  to  the 
smoke  of  large  manufacturing  towns,  much  less  in  maii}^ 
inland  parts  of  Lancashire.  The  average  is  about  equal 
to  that  of  the  Midlands  and  the  ihames  A alley,  but  about 
100  hours  less  than  the  lower  Severn  Valley  and  the 
more  southern  and  eastern  parts  of  England,  and  200  to 
250  hours  less  than  the  extreme  South  and  South-eastern 
coasts. 

VI. — The  winds  of  our  district  are  largely  westerly,  with 
a mean  annual  velocity  of  15  miles  an  hour  excessive, 
compared  with  the  Midlands  and  South  and  East  of 
England. 

YII. ^Another  feature  which  has  mudh.  effect  in  several 

ways  upon  the  fauna  of  a district  is  its  population. 
Cheshire  is  still  mainly  rural,  having,  even  reckoning  for 
its  towns,  about  an  acre  of  ground  to  each  person.  In 
Lancashire,  the  proportion  is  only  about  a quarter  of  an 
acre  per  person,  making  it  the  most  thickly  populated 
county  in  England  next  to  Middlesex : and  this  notwith- 
standing large  tracts  of  waste  or  sparsely-inhabited 
country  in  the  North  and  West,  so  that  the  South  and 
South-east  is  very  densely  peopled  indeed,  town  succeed- 
ing town,  with  all  their  attendant  destructive  effects  upon 
flora  and  fauna. 

Erom  the  above  it  will  be  seen  that  the  counties  of 
Lancashire  and  Cheshire  afford  the  Hymenoptera- 
Aculeata — 
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I-  — ^Excellent  localities  for  niclification,  both  in  the  fre- 
quent escarpments  of  crnmbling  Triassic  sandstone  inland, 
and  in  the  sandhills  of  the  coast — both  places  where  many 
species  delight  to  burrow ; also  considerable  variety  of 
soil,  including  plenty  of  clay,  for  other  specialised  species. 
The  mountainous  and  limestone  country  in  the  Ts^orth,  as 
yet  unworked  by  local  Hymenopterists,  should  produce 
additions  to  our  fauna,  as  well  as  the  high  hills  extending 
along  the  East. 

II-  varied  flora,  rich  in  flowers  frequented  by 
Aculeates,  especially  in  the  samlhills  districts,  which  are 
already  attractive  to  them  as  good  places  for  their  burrows, 
ihe  uncultivated  pine  and  heather-clad  regions  also 
favour  many  species. 

III.,  lA  .,  A . and  A I. — the  Aculeate  Hvmenoptera 
delight  above  all  things  in  warmth,  dryness,  sunshine  and 
absence  of  wind  5 cold  and  wet  111  their  breeding  seasons 
are  very  destructive  to  them.  Erom  this  it  will  be  seen 
that  our  sandy  coasts  are  again  more  suited  to  the 
Aculeates  than  our  inland  localities,  but  that  our  district 
as  a v^hole  comp<ares  very  unfavourably  with  others  in  the 
Alidlands  and  in  the  east  and  south  of  England  in  respect 
of  climate.  This  probably  explains  the  undoubted  scarcity 
of  these  insects  in  Lancashire  and  Cheshire,  compared 
with  their  great  abundance  in  many  districts  more 
favoured  meteorologically.  Very  many  common  species 
which  are  seen  in  profusion  further  south,  require  to  be 
searched  for  in  order  to  discover  them  here  in  ordinary 
seasons,  though  nearly  all  have  occasional  years  when  they 
appear  more  numerously. 

A II. — The  growth  of  our  population,  with  resultant 
building  operations,  smoke,  fog  and  reduced  sunshine,  a? 
well  as  golf  clubs  and  “ summer  camps,”  have  caused 
many  species  of  the  gregarious  burrowing  Aculeates  to 
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disappear  entirely  from  former  favourite  breeding  places  ; 
this  will  be  noticed  more  particularly  later. 

On  the  whole,  however,  the  Aculeate  Hymenoptera  pos- 
sess greater  power  of  adaptability  to  circumstances  than 
insects  of  other  orders.  The  Lepidoptera,  for  instance, 
with  their  many  special-plant-fed  larvae,  certainly  depend 
more  upon  the  flora,  and  consequently  upon  the  geology 
of  a district,  for  their  distribution  than  the  Aculeata.  The 
connection  between  the  fertilising  bees  and  the  honey  and 
pollen  yielding  flowers  is  of  course  great ; but  the  relation- 
ship  is  usually  a broad  one  between  families  or  genera 
respectively,  and  is  only  occasionally  confined  to  the  limits 
of  species.  Many  bees  undoubtedly  show  a marked  pre- 
ference for  certain  flowers,  but,  in  their  absence,  they 
usually  find  other  nearly-related  species  to  suit  their 
tastes.  Hence  the  Aculeate-Hymenopterous  fauna  of  our 
district  seems  to  be  more  ubiquitous  in  its  distribution 
than  our  flora,  or  than  several  of  the  other  sections  of  our 
insect  fauna. 

HYMENOPTERA-ACUl^EATA. 


PIOEJJONES. 

Insects  both  solitary  and  social  in  their  habits,  com- 
prising the  xVnts,  and  the  various  kinds  of  Wasps. 

HETEUOHYAA. 

Social  Ants,  consisting  of  males  and  females,  both 
usually  winged,  and  also  workers,  or  imperfect  females, 
which  are  apterous.  They  dwell,  with  few  exceptions,  in 
large  communities,  constructing  for  themselves  very  elabo- 
rate nests  ; in  these  they  rear  their  larvae,  which  are  fed 
upon  honey  by  the  worker  ants.  The  economy  and 
instinct  of  these  insects  is  very  remarkable  and  wonderful, 
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and  places  them  high  in  the  scale  of  invertebrate  life. 
Some  ants  have  apparently  no  homes  of  their  own,  but 
live  in  the  nests  of  others,  as  F ormicoxenus  with  Formica 
rufa ; while  one  British  species,  Formica  sanguinea, 
actually  steals  the  pupae  of  another,  F.  fusca,  from  their 
dwellings,  and  rears  them  u}>  as  workers  or  “ slaves  ” in  its 
own  nest.  Many  species  introduce  and  keep  various 
Aphides  within  their  nests,  for  the  sake  of  the  ‘‘  honey  ” 
which  they  emit.  Others  harbour  certain  Coleoptera  in 
their  dwellings,  some  of  which,  as  the  curious  blind 
r/unV/er,  which  they  feed  and  tend  with  care,  would  appear 
to  be  of  some  unknown  value  or  interest  to  the  ants.  Very 
many  beetles,  chiefly  belonging  to  the  Staijhylinidcc,  are 
more  or  less  peculiar  to  ants’  nests,  where  they  dwell,  and 
sometimes  even  pass  their  metamorphoses;  others  again 
occur  there  probably  as  plunderers,  or  even  casual 
visitors  in  search  of  warmth  and  shelter  ; altogether  about 
seventy  species  of  Coleoptera  have  been  found  associated 
with  ants  in  Britain.  Of  other  insects,  certain  Coccidcc 
are  regularly  found  in  ants’  nests,  where  they  seem  to  be 
carefully  cared  for  by  their  hosts ; also  a species  of  wood- 
louse. 


Formicid.e. 

Most  of  our  English  species  come  under  the  head  of 
Mining  Ants,  forming  extensive  burrows  and  excavations 
for  their  nests  in  various  situations  ; some  in  the  earth, 
eithei  in  banks  [L . fusca,  L.  niger,  L.  umhratus  and 
T . erratica)  or  in  raised  “ ant-hills  ” or  under  stones 
(L.  fiavus),  and  some  in  decayed  wood  [L.  fuliginosus  and 
occasionally  F.  fusca,  L.  niger,  L.  umhratus).  The  three 
non-mining  species  {F . rufa,  F.  sanguinea  and  F.  exsecta) 
construct  pyramidal  nests  of  twigs,  leaves,  &c.,  above 
ground.  The  pupse  of  the  Formicidce  are  generally 
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enclosed  in  silken  cocoons.  Tke  nests  of  this  family 
usually  contain  more  myrniecophilous  Coleoptera  than 
those  of  other  ants,  the  most  frequented  being  those  of 
F . rufa,  L.  fuliginosus  and  L.  flavus.  The  F ormicidce  so 
far  observed  in  our  district  are:  — 

Formica,  Linn. 

F.  rufa,  Linn. — Only  noted  so  far  in  Delamere  Forest, 
E.C.T.,  and  Dunham  Park,  J.P.H. 

F.  fusca,  Latr. — Oommon  in  the  district. 

race  ciinicidaria,  Latr. — Taken  at  Greenfield,  13. C. 
Lasius,  Fdih.  = Formica,  pars..  Smith. 

L.  fuliginosus,  Latr. — ^Hoylake  and  West  Kirby ; Dela- 
mere and  Bowden,  B.C.,  Bolton  district,  C.  E. 
Stott. 

L.  niger,  Linn. — Our  common  garden  ant. 

L.  umhratus,  Kyi.,  hrunneus,  Sm. — ^Bowden,  B.C. 

L.  flavus,  De  Geer. — Abundant  everywhere.  The  large 
Aphis  Paracletus  cimiciformis  in  its  nests  at 
Delamere,  R.N. 

PONERID^. 

Another  family  of  Mining  Ants,  forming  nests  in  the 
earth  (P.  contracta)  and  in  houses  (P.  imnctatissimaf 
Ponera,  Latr. 

P.  contracta,  Latr. — Once  near  Manchester,  B.C. 

Myrmicid^. 

Very  similar  in  habits  to  the  F ormicidce,  generally 
excavating  nests  either  in  the  ground  [M.  ruhra,  T. 
ccespitum,  and  sometimes  L.  acervorum  and  L.  tuherum),  or 
in  wood  [L.  acervorum,  L.  tuherum  and  sometimes  M. 
rubra).  One  species,  however,  Formicoxenus  nitidulus, 
lives  in  the  nests  of  P.  rufa,  and  another,  Solenopsis 
fugax,  burrows  in  the  walls  of  the  dwellings  of  various 
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ants.  'I’lu>  juipse  of  the  Murmituhv  are  naked,  unlike 
those  of  most  of  the  Formicitlw,  which  are  in  ooc(M)iis. 
Ihe  nests  of  tlie  genus  Mijriniat  harbour  one  or  two 
myrmecophilous  Coleoptera,  and  those  of  Tainnoma  a 
single  rare  species. 

Leptothorax,  Mayr. 

L.  aceri'ortim,  Eab. — Delaniere  Forest,  E.C.T.  Found 
in  nest  of  F.  fusca  on  Fidston  Hill  by  Mr.  Henry 
Burns.  Tins  is  an  unusual  habitat,  as  it 
generally  forms  colonies  in  the  ground,  under 
bark  of  trees,  in  dead  wood  or  bramble  stems. 
My r mica ^ Latr. 
d/.  rubra,  Linn. 

race  ruyinodis,  Nyl,  — Abundant  near  Man- 
chester, B.C. 

race  kccinudis,  Ayl. — Hoylake  and  AFest  Kirby; 

Bowden,  B.C. ; Chester  and  Delamere,  F.C.T. 
race  scahruiodis,  Ayl. — ^Comnion  everywhere, 
race  lohicornu,  Ayl. — ^This  rare  variety  has  been 
taken  near  Bowden,  B.C. 

Mouonwrium  Fharaonis,  Jjinii.—Diplorhoptrum  domesti- 
cLim,  tSm.  ihis  introduced  species  is  now  often 
a pest  in  houses  in  our  towns. 

FOSSOKES. 

Solitary  insects,  consisting  of  male  and  female  only, 
and  without  workers,  as  found  in  the  previous  social 
division.  They  comprise  certain  Ants  and  the  majority 
of  our  species  of  M asps.  They  feed  on  honey  gathered 
from  flowers  in  the  imago  state,  but  the  larvee  are  carnivor- 
ous. i hough  solitary  in  habit  {i.e.,  the  female  constructs 
a single  nest  for  herself,  instead  of  the  common  one,  con- 
taining several  hundred  individuals,  of  the  social  ants  and 
wasps),  ihe  h ossores  often  form  large  colonies  of  manv 
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separate  burrows  in  close  proximity.  According  to  lier 
species,  tire  female  wasp  excavates  a little  tniiiiel  either 
ill  sand,  mnd,  dead  wood  or  other  suitable  material ; there 
she  deposits  her  egg,  and  then  stores  np  as  snsteiiaiice  for 
the  future  grub,  which  she  herself  will  never  live  to  see, 
such  animal  food  as  Lepidopterons  larvae,  Diptera, 
C'oleoptera,  other  Hymeiioptera,  Hemiptera  and  Arach- 
nidae.  These  products  of  the  chase  are  placed  in  the 
burrows  alive,  but  rednced  to  a state  of  paralyzis  by  the 
poison  of  the  captor’s  sting ; they  apparently  die  about 
the  time  the  egg  hatches  and  the  young  larva  requires 
food.  It  is  probable  that  some  few  species,  such  as  those 
belonging  to  the  Mutillidcc,  are  inqniline  upon  other 
insects,  and  thus  form  exceptions  to  the  above  general  rule 
of  life  among  the  Fossores. 

The  Hynienopterous  ChrysiditUe  are  parasitic  upon  the 
larvse  of  some  of  the  Fossores,  e.g.,  Hedychriim  upon 
Mimesa,  FLedyclirum  and  Chrysis  upon  Adata,  and  the 
ubiquitous  C . ignita  upon  other  genera.  Certain  Diptera 
are  also  said  to  have  been  bred  from  their  nest  cells. 

Mutillid^. 

Solitary  Ants,  with  winged  males  and  apterous  females. 
Their  habits  are  but  little  known  ; they  are  very  probably 
inqniline  upon  the  insects  whose  nests  they  have  been 
observed  to  frequent. 

Midilla  europcea  has  been  found  in  the  nests  of  the 
genus  Bombus,  and  Myrmosa  melaiiocephala  with  FLalictus, 
Megachile  and  V esj>a. 

Myrmosa,  Latr. 

M.  melanocephala,  Fab. — Only  recorded  so  far  from 
Delamere,  13. C.,  though  it  is  not  infrequent  in 
Aorth  AVales  about  burrows  of  Halictus  rubi- 
cundus  and  other  Aculeates. 
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Tiphiid^. 

1 lie  first  family  of  flie  Solitary  AVasps,  with  hoth  males 
and  females  winged.  The  life  histories  of  our  two  British 
species  of  Tipiiia  do  not  appear  to  be  worked  out.  The 
females  of  7 . minuta  have  been  found  under  cow-dung, 
and  possibly  prey  upon  Aiyhodii.  Neither  of  the  species 
have  yet  been  recorded  from  our  district. 

Sapygid^. 

Another  family  of  Solitary  Wasps.  The  female  usually 
forms  cells  for  her  eggs  in  a burrow  previously  excavated 
by  some  other  insect  {e.c/.,  a Colletes,  Chelostoma,  or 
Osruia),  in  the  ground  or  in  wood;  she  sometimes  makes 
use  of  a deserted  snail  shell.  As  food  for  her  offspring 
she  stores  up  the  laiwse  of  Lepidoptera. 

Sapyga,  Latr. 

S.  h- punctata.  Fab. — Itainhill,  H.H.H.  ; Upton,  near 
Chester,  at  burrows  in  old  barn  wall,  E.C.T. 

POMPILID^. 

The  agile  members  of  this  large  family  of  Sandwasps 
often  burrow  in  isandhills  by  the  seaside  i^Pompilus  rufipes, 
plumheus,  niger,  and  gihhus),  in  rubble  walls  {A, 
variegata)  or  in  wood.  Nearly  all  the  species  prey 
exclusively  upon  spiders.  P.  niger,  however,  is  said  to 
sometimes  store  up  the  larvae  of  Lepidoptera, 

Pompihis,  Fab. 

P.  rufpes,  Linn. — Southport  sandhills,  B.C. 

P.  plumheus,  Fab. — pulcher,  Shuck. — Wallasey  sand- 
hills, exceedingly  abundant  some  years  ; South- 
port  sandhills,  B.C. 

P.  niger,  Fab. — approximatus,  Sm.,  melanarius,  Bond. — 
On  the  coast  at  Southport,  B.C.,  and  inland  at 
Hazlegrove,  B.C. 
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P.  gibhus,  Yab.—trivialis,  Dhlb.,  Thoms.,  &c.— Common 
in  district. 

P.  pectinipes,  Y.  d.  Lind.— eras sicornis,  Slmck,  Sm.,  7 
Southport,  B.C. 

Salius,  Fab.  {Priocnemis,  Schiodte). 

S.  emltatus,  Fab.— Only  recorded  so  far  from  Bowden, 
B.C.,  and  Delamere,  E.C.T.  and  B.C. 

Ceropales,  Latr. 

C.  maculata,  Fab.— Only  noted  at  Southport,  B.O., 
though  probably  occurs  elsewhere  on  our  sand- 
hills, as  it  is  common  on  North  Wales  coast. 


Sphegid^. 

A large  and  comprehensive  family  of  Wasps,  of  which 
the  .genera  vary  greatly  in  form  and  also  in  habits,  as 
noted  below. 

Astata,  Latr.— The  females  burrow  in  hard  sand,  ihey 
prey  upon  various  larvae. 

A.  stigma,  Vnnz.—jaculator,  Sm.  (Zool).— This,  till 
recently,  rare  species  has  been  twice  recorded 
from  our  district,  one  specimen  having  been 
taken  at  Southport  by  Mr.  B.  Cooke,  on  25th 
June  1879,  and  another  on  Wallasey  sandhills 
by  m’yself,  on  the  5th  July,  1891,  (r.  Ent.  Mon. 
Mag.,  Jan.,  1892).  It  should  be  searched  for,  as 
it  has  also  occurred  upon  the  North  Wales  coast. 
It  loves  the  hottest  sunshine,  and  has  an  excellent 
habit  of  returning  to  the  spot  again  after  being 
disturbed.  The  male  is  easily  detected,  when 
running  among  other  similarly  coloured  sand- 
wasps,  by  a brilliant  white  spot  on  its  face. 

Tachytes,  Panz.— The  females  excavate  tunnels  in  sand, 
and  are  stated  to  store  up  for  their  offspring 
• larvae  of  both  Lepidoptera  and  Orthoptera. 
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T.  i^ectwipes,  Linn. — pom  pil if  or  mis,  Sm. — Wallasey 

sandliills;  Oakmero,  Dolaiiiere,  M.C.T. 

Dmetus,  Jur. — Allied  to  last-named  genus;  only  taken 
very  rarely  in  South  of  England. 

Miscojjhus,  Jur. — ^Our  two  British  species  burrow  in  sandy 
places  like  Tachytes,  but  provision  their  cells 
with  spiders.  They  have  not  been  observed  in 
our  district. 

Fry po.ryJon , Latr. — The  several  species  excavate  their 
little  tunnels  in  various  different  situations,  T. 
ffpilus  either  in  banks  of  light  earth  or  in  wooden 
posts,  often  in  colonies,  T . clavicerum  in  old 
timber,  and  T . attenuatum  in  briar  stems. 
Spiders  are  stored  up  as  food. 

T.  fiyulus,  Linn.— Only  reported  so  far  from  Bowden, 
B.C.,  but  probably  overlooked,  as  common  in 
Xorth  Wales. 

Ammophila,  Kirb.— The  nest  cells  of  these  formidable 
looking  sand-wasps  are  at  the  end  of  a burrow 
excavated  in  a bank  of  earth  or  sand.  The  prey 
of  the  various  species  consists  of  Lepidopterous 
larvae,  with  the  exception  of  A.  hirsuta,  which 
apparently  confines  its  attention  to  spiders. 

A.  sahulosa,  Linn. — Our  most  abundant  species  of  this 
genus,  extending  along  the  coast  from  Hoylake 
to  Southport.  Inland  also  at  Delamere,  E.C.T. 

A.  hirsuta,  Scop. — viatica,  Sm. — Taken  on  sandhills  at 
Southport,  B.C.  and  J.R.H.,  and  at  Formby, 
H.H.H.  and  F.  Birch.  Observed  once  carrying 
Pyralidcv,  J.F.H.,  though  on  Xorth  Wales  coast, 
where  abundant,  it  stores  spiders. 

A.  lutaria.  Fab. — Brought  to  me  from  sandhills  at 
Blackpool,  by  Mr.  C.  E.  Stott. 

S pilomena,  Scliuk. — Our  one  very  small  British  species 
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burrows  in  sand,  or  sometimes  in 'dead  wood  or 
bramble  stems.  It  is  said  to  store  up  a Coccid 
for  its  young.  It  has  not  yet  been  observed  in 
our  district. 

Stifpnns,  .Tur.— Nearly  related  to  the  last  genus.  Our  one 
Ih'itish  species  is  said  to  make  its  nest  ;n  holes 
in  dead  wood,  &c.,  and  to  provision  its  cells  with 
Aphides ; another  account  says  it  is  parasitical. 
Not  recorded,  so  far,  from  Lancashire  or  Cheshire. 

Pemphredon,  Latr.— The  females  burrow  in  dead  tree 
trunks,  posts,  &c.,  {P.  luguhris),  or  in  rose  and 
bramble  stems  {P.  shnekardi  and  lethifer).  They 
prey  upon  Aphides  collected  from  roses  and 

otlier  plants. 

p.  luguhris,  Latr.— Well  distributed  in  district.  Storing 
the  Aphis  3Iehnw.vnnthus  sedicis  in  its  cells  at 
Ince,  R.N. 

P.  shuckarfli,  Moraw. — unicolor,  Tlioms.  Also  wice 
spread. 

P.  lethifer,  Sclmck.— Similarly  abundant. 

Diodontusi,  Curt. — Excavates  its  nest  in  sandy  banks  [B. 

minutus),  or  in  mortar  of  walls  and  in  bramble 
stems  {B.  tristis). 

71.  minutus,  Fab.— Only  noted  as  yet  from  Bowden,  B.C. 

Passalceeus,  Shuck.— The  females  make  their  cells  in  dead 
wood  or  in  bramble  stems.  This  genus  has  not 
yet  been  observed  in  our  district,  though  the 
writer  has  taken  P.  insignis  over  the  border  in 
Aortb  Wales. 

Mimesa,  Shuck.- Females  burrow  in  colonies  in  sandy 
places,  and  occasionally  in  holes  in  dead  wood  oi 
in  straws  (M.  unicolor).  They  store  up  Aphides 
and  allied  insects  for  their  young.  A Chrysid  is 
said  to  be  parasitical  upon  this  genus. 
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M.  hicolor,  Fal). — Delamero,  B.C. 

Psen,  Latr. — ^Breeds  in  holes  in  dead  wood,  in  bramble 
stems,  or  in  straws,  and  provisions  its  cells  with 
A phides. 

P.  j)((Jhj)es,  Panz.— Panz,  Shuck,  &c. — Only 
noted  from  Manchester  and  Bowden,  B.C.,  and 
near  Birkenhead,  J.T.G.  Probably  overlooked 
elsewhere. 

Gorytes,  Latr. — But  little  seems  to  be  known  of  the 
economy  of  this  wasp-like  genus.  The  females 
apparently  deposit  their  eggs  in  ready-made 
holes  in  dead  wood,  &c. 

6r.  mystaceus,  Linn.— Halsnead,  H.H.H.  ; Manchester, 
Bowden,  Hazlegrove  and  Marple,  B.C.  ; and 
Barleymore  Wood,  near  Withington,  J.P.H. 

Nysson,  Latr. — Probably  nearly  related  in  habits  to 
Gorytes. 

N.  spinosus,  Fab. — ^Common  in  the  district,  B.C. 

Pidineis.,  W^esm. — A genus  with  a single  species  in 
Britain,  of  which  the  life  history  does  not  appear 
to  be  known.  It  has  not  occurred  in  our  district. 

Mellinus,  Fab. — The  variable  M.  arvensis  burrows  gre- 
gariously in  sandy  banks.  It  preys  upon  various 
Dipterous  insects — Muscidce,  Syrphidce^  &c. 

il/.  arvensis,  Linn. — W^ell  distributed  and  often  very 
abundant. 

PhilantJius,  Fab.- — The  one  British  species  of  this  genus 
provisions  its  nest  with  various  wild  bees  [Andre- 
nidcE  and  Halicti)  and  also  with  the  honey  bee 
{Apis  mellifica).  On  the  Continent  it  is  some- 
times very  destructive  in  apiaries,  stinging  and 
carrying  off  the  bees  in  great  numbers. 
Fortunately  it  is  very  rare  in  Britain,  and  has 
not  been  seen  so  far  north  as  our  neighbourhood. 
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Cerceris,  Fab. — Tlie  species  comprising  this  genus  are  gre- 
garious, and  form  tunnels  in  the  ground  ; some, 
as  C.  arenaria,  preferring  loose  sand,  and  others, 
as  C . interrupta,  choosing  hard  trodden  pathways. 
The  prey  is  various,  according  to  species ; wild 
bees,  Halicti  and  occasionally  AndrenidcE,  are 
stored  up  by  C.  ornata,  and  different  kinds  of 
beetles  by  C.  arenaria  [Curculionidm),  C.  inter - 
rupta  [Ajjionidce)  and  C.  lahiata  [HalticidcE). 

C.  arenaria,  Linn. — Formerly  common  on  the  Cheshire 
sandhills,  B.C.,  but  not  observed  there  during 
recent  years,  though  still  abundant  on  the  North 
Wales  coast. 

O.ryhehis,  Latr. — The  females  make  their  burrows  in  sandy 
places,  and  provision  their  cells  with  certain 
Diptera,  some  of  which  the  various  species  mimic 
strongly  both  in  form  and  in  action. 

().  uniglumis,  Linn. — Abundant,  burrowing  in  loose 
sand,  on  Cheshire  coast.  Extends  northward  to 
Southport,  B.C.  Inland  also  at  Bowden,  B.C., 
and  at  Eock  Ferry,  where  a specimen  nearly 
black  once  taken,  J.T.G. 

().  mucronatus,  Fab. — argentatus,  Curt. — ferox,  Shuck. — 
This  rare  and  beautiful  species  was  taken  on  the 
Cheshire  sandhills,  opposite  Liverpool,  by  Mr. 
Matthews  prior  to  1836  {y.  Schuckard’s 

Fossorial  Hymenoptera.”)  The  locality  has 
since  been  built  over.  It  was  also  captured  on 
Wallasey  sandhills  more  recently,  B.C.,  but  does 
not  appear  to  survive  there  now.  It  still  occurs 
on  the  North  Wales  coast. 

Crahro,  Fab. — This  large  genus  contains  species  with  very 
various  places  of  nidification.  Some  form 
burrows  in  sandy  banks  {C.  varius,  westmadi, 
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crihrarius;  ^jeJtarius,  scutellatus)^  some  in  the 
mortar  of  old  walls  {C.  elongatulus),  some  in 
decayed  wood  (C.  leucostoma,  gonager^  dimidiatua, 
eejdialotes  quadTimacidatus^  vagiifi, 
interrujitus ^ chrysostomus),  and  some  in  bramble 
and  rose  sticks  {C.  tihialis,  clavijjes,  ca'pitoms). 
The  food  stored  up  for  the  future  grub  includes 
various  kinds  of  Diptera  {C.  leucostoma^  j)od,a- 
grieus,  westmccli^  dimidiatms,  cej)halotes,  quadri 
macidatus^  crihrnrius,  peltarius,  vagus  inter- 
ruptus,  chrysostoma),  and  Aphides  (C.  gonager 
and  elongafulus). 

C.  clampes,  Linn. — rufivenfris,  Panz. — ^Generally  distri- 
buted, B.C.  ; specially  noted  Higher  Bebington, 
J.T.G. 

C.  leucosfomus,  Linn. — Fairly  distributed.  Nests  in 
rotten  willow  at  luce  stored  with  Syrphidee., 

R.N. 

C.  podagrieus,  V.  d.  Lind. — Only  recorded  from  Hazle- 
grove,  B.C. 

C.  palmipes,  Linn. — tarsatus,  vShuck. — ^Oarden  at  Thorpe 
Villa,  Chester,  E.C.T. 

C.  elongatulus,  V.  d.  Lind. — luteipalpis,  Shuck.— pro- 
jnnquus,  Schuck. — ohliquus,  Schuck.  — hyalmus, 
Shuck. — ^Manchester,  Hazlegrove,  Helamere  and 
Cheshire  coast,  B.C. 

C.  dimid.iatus,  Fab. — ^Chester  and  Helamere,  E.C.T.  ; 

Cheshire  coast,  B.C.  ; and  West  Kirby,  with  a 
remarkable  variety  of  male  almost  black,  J.T.G. 

C.  vagahundus,  Panz. — ^Higher  Bebington,  J.T.G.  ; 

Helamere,  E.C.T.,  and  “ commonly  distributed,” 

B.C. 

C.  cephalofes,  Panz. — se.vcinctus,  Sm. — inter stinctus,  Sm.  ? 

— Only  re})orted  as  yet  from  Bowden,  B.C.,  and 
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river  valley,  burrowing  in  willow  stumps, 

J.R.H. 

C.  i-maculaUis,  Fab. — suhjmnctatus,  Shuck. — Not  un- 
common. Specially  noted  from  Chester,  E.C.T., 
Felamere,  E.C.T.  and  B.C.,  and  Bowden,  B.C. 

C.  crihrarius,  Linn. — ^XTsually  common  in  sandy  places, 
where  it  burrows,  e.g.,  Wallasey, 

West  Kirby,  J.T.G.,  Cuddington,  K.N.,  Dela- 
mere,  E.C.T. , and  Bollin  Valley,  J.K.H. 

C.  peltarius,  Schreb. — giatellatus,  Panz. — Well  distri- 
buted; Hoylake;  West  Kirby,  J.T.G.,  Cheshire 
coast  and  Southport,  B.C.,  Oakmere,  Delamere, 
J.  Arkle,  and  Manchester,  B.C. 

C.  'hiferruptus,  Be  Beer. — Lzndenius,  vShuck. — Taken  on 
the  Cheshire  coast,  B.C. 

C.  chrysostomus,  Lep. — xylnrgus,  Shuck. — Equally  well 
distributed,  e.g.,  Cheshire  coast,  B.C.,  Bebington, 
J.T.B.,  Ince,  K.N.,  Eaton,  near  Chester,  E.C.T. 
Entomognathu.s,  Bahlb. — The  only  British  species  of  this 
genus  is  very  similar  in  its  habits  to  Crahro.  It 
has  not  yet  been  noted  in  our  district. 

DIPLOPTERA. 

Containing  the  true  Wasps,  with  wings  longitudinally 
folded,  instead  of  flat  and  unfolded,  as  in  the  Fossores. 
There  are  two  families  in  Britain,  the  one  social  and  the 
other  solitary  in  habit.  These  insects  feed  chiefly  on 
vegetable  diet,  honey  from  flowers,  fruit,  &c.,  in  the  imago 
state,  but  the  larvce  are  carnivorous,  like  those  of  the 
Fossores. 

Vespid^. 

Vespa,  Linn. — A genus  consisting  of  the  well-known 
Social  Wasps,  which  have  not  only  perfect  males 
and  females,  but  also  workers,  or  imperfect 
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females.  They  dwell  together  in  communities, 
sometimes  containing  over  2,000  individuals,  in 
wonderfully  constructed  nests  made  of  wood  paper. 
These  nests  are  placed  in  various  situations 
hy  the  different  species.  Some  (F.  germaniea., 
viilgafis,  and  rnfa)  usually  select  a ready-made 
hole  in  the  ground,  or  other  suitable  cavity ; 
others  (F.  sylvestris  usually,  and  norvegica 
invariably)  hang  their  nests  exposed  in  bushes 
and  trees.  The  paper  ” material  made  by  the 
latter  is  stout  and  tough  to  withstand  the 
weather,  while  that  of  the  ground  builders  is  thin 
and  fragile.  Unlike  the  larvae  of  the  solitary 
Fossores,  feeding  upon  insects  paralyzed  by  the 
sting  of  the  parent  wasp,  and  stored  up  by  her  in 
the  burrows  for  their  use  after  her  death,  the 
young  grubs  of  the  genus  F espa  are  fed  regularly 
by  the  workers  living  with  them  in  the  nests. 
Their  diet  consists  mainly  of  insects  or  other 
animal  food,  which  is  semi-masticated  by  their 
devoted  attendants  before  it  is  supplied  to  them. 

Like  those  of  the  ants,  the  nests  of  our  social 
wasps  are  regularly  inhabited  by  certain  other 
insects  belonging  to  various  orders.  The  list 
of  inmates  hitherto  found  in  wasps’  nests  includes 
some  seventy-five  species  of  Coleoptera,  about  ten 
species  of  Uiptera,  a few  Hemiptera,  several 
Hymenoptera,  and  certain  Acarida  and 

Crustacea.  Some  are  foes,  others  possibly 
friends,  useful  as  scavengers,  &c.,  but  very  many 
are  merely  casual  pilferers  or  visitors.  Certain 
Coleoptera  pass  their  metamorphoses  in  the  nests 
of  various  wasps.  The  curious  Metcecus 

paradaxus,  L.,  feeds  upon  the  grubs  of  its  host. 
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choosing  V.  vulgaris  and  V.  rufa.  Velleius  dili- 
tatus,  F,  breeds  in  the  nests  of  V.  crabro  and  V. 
germanica,  and  several  Quedii  and  CryiJto'phagi 
in  those  of  the  three  ground  building  species. 
Many  Diptera  are  also  found  in  wasps’ nests  in  the 
larval  state,  although  they  have  other  habitats  as 
well ; such  are  species  of  the  genera  V olucella, 
AcantKiptera  and  Homolomyia,  some  of  which 
mimic  the  wasps  their  hosts.  Of  Hynienoptera, 
the  ichneumon  Fphegophaga  vesjjarum,  Curt., 
lays  its  eggs  on  the  grubs  of  several  members  of 
the  genus  Vespa,  upon  which  its  larvae  feed, 
and  the  parasitical  Chrysis  ignita  also  preys  upon 
V . rufa  and  vulgaris.  The  inquiline  and  nearly 
allied  wasp,  P seudo-vespa  austriaca  breeds  in  the 
nest  cells  of  V.  rufa,  and  Myrmosa  melancephalus 
has  been  found  dwelling  with  F.  sylvestris. 

V.  crabro,  Linn. — This  species  sometimes  occurs  in  our 
towns,  apparently  imported  with  fruit  and 
vegetables  from  the  south.  The  only  nest 
known  to  have  been  found  in  our  district,  viz., 
from  Hawkshead,  North  Lancashire,  is  preserved 
in  Owens  Coll.  Museum  at  Manchester. 

V.  vulgaris,  Linn. — Abundant  everywhere.  A nest  of 
this  ground  wasp  was  found  built  to  a rafter  in 

• an  outhouse  at  Malpas,  R.N. 

In  years  when  wasps  have  been  specially 
abundant  in  this  district,  as  in  1889  and  1893, 
the  writer  has  frequently  seen  this  species  prey- 
ing upon  both  honey  and  humble  bees.  Its 
habit  is  to  pounce  down  upon  its  quarry  on 
flowers,  and  then,  especially  in  the  case  of  a 
female  humble  bee,  the  battle  often  waxes  sore.  ^ 
The  intrepid  little  worker  wasp  first  bites  off  the 
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great  bee’s  antenna),  so  making  it  more  or  less 
helpless  ; then  it  chops  off  the  luckless  creature’s 
wings  and  legs  ; finally,  with  its  powerful  man- 
dibles, it  carves*  the  body  of  its  prey  into  two  or 
more  sections,  and  carries  them  off  to  its  nest. 
Things  do  not  always  happen  so,  however,  for 
on  one  occasion  a bee  was  observed  to  curl  its 
abdomen  round  and  to  sting  its  aggressor  upon  the 
tongue,  a proceeding  which  caused  the  wasp  to 
depart  much  disconcerted. 

This  and  the  following  species  have  been 
noticed  to  swarm  upon  fiower  spikes  of  Tritoma 
uvaria,  with  the  honey  of  which  they  seem  to 
become  quite  intoxicated.  Mr.  Newstead  has 
observed  the  same  effect  to  be  produced  upon 
them  by  the  honey  of  Fuschia. 

The  Coleopterous  parasite  Metmcus  'paradoxus, 
which  is  specially  attached  to  this  species  and  to 
K.  rufa,  has  been  taken  in  its  nest  at  Manley, 
It.N.,  at  Chat  Moss,  J.lt.H.,  and  on  the  southern 
borders  of  Cheshire  by  Mr.  H.  Locke. 

V.  germanica,  Fab. — Very  abundant.  This  gTound  wasp 
not  infrequently  constructs  hanging  embryo 
nests  in  wooden  beehives  in  our  district. 

Mr.  iNewstead  has  devoted  much  time  to 
specially  investigating  the  insects  found  in  nests 
of  this  and  the  preceding  species.  During  one 
season  he  took  about  a hundred  wasps’  nests  at 
Ince,  near  Chester,  and  in  North  Wales.  His 
very  interesting  observations  are  recorded  in 
detail  in  Ent.  Mon.  Mag.,  Vol.  XXVII.,  pp. 
39-41.  In  brief,  the  nests  opened  in  Cheshire 
produced ; — Coleoptera  — Quedius  puucticollis 
Thoms. — numerous  larvse  and  three  images,  Oct., 
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ill  nests  of  V.  vulgaris.  Cryjjtophagus  puhescens, 
Sturm. — abundant  August  to  April  in  many 
nests  of  V . gcrmajiica  and  vulgaris.  C.  sctulosus, 
Sturm. — ^sparingly  in  nests  of  V . vulgaris. 
Metcecus  paradoxus.,  L. — several  in  August  in 
single  nest  of  V.  vulgaris,  at  Manley.  Also  a 
few  other  casual  visitors..  Diptera — Cyrtoneura 
stahulans,  Fall. — abundant  August  to  April 
(imagoes  and  pupae)  in  nests  of  V.  vulgaris. 
Homolomyia  canicularis,  L. — abundant,  August 
to  April,  in  nests  of  V . germanica,  and  sparingly 
in  those  of  V.  vulgaris,  (larvae,  probably  scaven- 
gers). H.  vesparea,  Meade. — two  imagoes  of 
this  species,  which  was  new  to  science  {v.  Ent. 
Mon.  Mag.,  XXVII.,  p.  42),  bred  26th  July,  from 
larvae  in  the  nest  of  V.  vulgaris,  at  luce.  Phora 
rufipes,  Meig. — ^occurred  in  every  nest  examined 
in  August  and  September.  AcantKiptera  inanis. 
Fall. — larvae  of  this  rare  species  swarmed  in 
October  in  a single  nest  of  V . germanica,  at  luce  ; 
imagoes  bred  following  July.  V olucella  homhy- 

lans,  L.,  var.  plumosa. — larvae  abundant  in  nests 
of  V . germanica,  August  to  October.  Acarida — 
Uropada  elongata,  Halliday. — ^seven  nymphs 
attached  to  H . canicularis,  bred  from  nest  of  I . 
germanica,  in  October.  Glyciphagus  spinigus. — 
swarmed  in  a nest  of  V . germanica  on  Chester 
Cop.  T yroglyphus,  sp.  ? — ^swarnied  in  some  nests 
of  V . germanica,  August  to  October.  Crustacea 
— Porcellio  scaher,  Latr. — in  almost  every  nest. 
It  is  worthy  of  remark  that  none  of  the  hundred 
or  more  nests  examined  apparently  contained 
either  the  wasp-ichneumon,  Sphegophaga  ves- 
pariun,  or  Chrysis  ignita. 
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V.  rufa,  Linn. — Well  distributed  botli  in  Lancashire 
and  Cheshire,  though  this  timid  and  small 
colon ied  species  is  never  common. 

V.  sylvestris,  Scop. — holsatica,  Fa^b. — Not  infrequent  all 
over  the  district.  Specially  noted  at  West  Kirby 
and  Eastham,  where  a variety  without  dot  on 
clypeiis  ; at  Chester,  ll.N.  and  E.C.T.  ; at  liain- 
hill,  and  around  Bolton,  C.  E.  Stott. 

Males  once  observed  “assembling”  in  numbers 
to  the  female,  after  the  habit  of  certain 
Lepidoptera. 

V.  norveyica,  Ea'b. — hrittariica,  Leach. — Widely  distri- 
buted in  district,  especially  where  fir  trees  occur, 
and  perhaps,  after  vulgaris  and  germanica,  our 
most  abundant  wasp  in  Cheshire.  Particularly 
noted  at  Stourton,  Oxton,  Bidston,  and  near 
Wallasey  and  West  Kirby;  all  round  Chester, 
ILN.  and  E.C.T.,  and  Delamere,  B.C.  and  E.C.T. 
Although  Mr.  Newstead  has  examined  many 
nests  of  this  species,  he  has  not  found  any  insects 
frequenting  them. 

fseudo-vesjja,  Schmeid. — A genus  very  nearly  related 
to  the  last,  but  differing  in  life  history.  The  one 
British  species,  P.  austriaca,  Panz.,  lives  as  an 
inquiline  in  the  nests  of  V . rufa.  It  has  no 
worker,  like  the  social  wasps,  only  male  and 
temale.  The  latter  lays  her  eggs,  after  the 
manner  of  a cuckoo,  in  the  nest  of  her  host,  and 
the  grubs  feed  or  are  fed  there  at  the  expense  of 
the  rightful  inmates  of  the  colony.  P.  austriaca 
has  not  yet  been  recorded  from  our  district,  but 
Mr.  Newstead  and  the  writer  have  both  taken 
it  several  times  at  different  localities  in  North 
Wales,  so  it  will  probably  turn  up.  It  is  easily 
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distingiiisliable  upon  tlie  wing  by  its  slow  and 
listless  flight,  in  contradistinction  to  tlie  busy 
activity  displayed  by  the  social  wasps. 

IPolhstes  hinotatus,  Saus.— xi  specimen  of  an  exotic 
wasp  so  labelled  is  in  the  Free  Museum,  Liver- 
pool. It  was  taken  in  an  undoubtedly  wild 
state  upon  a flower  at  Ince  Blundell,  by  Mr.  W . 
H.  Mountfleld,  in  1875.  It  was  probably 
originally  imported  with  goods  from  abroad,  as 
anotlier  example  apparently  similar  lias  since 
been  captured  in  the  Liverpool  Bocks.] 

EuMENIDyE. 

“ Solitary  ” wasps,  with  male  and  female  only,  and  no 
worker,  as  in  tlie  genus  V esjja.  Tlie  species  of  tlie 
genus  0 dynerus  are  called  mason  wasps,  and 
construct  tbeir  cells  of  sand  and  mud  in  various 
situations.  Some  burrow  in  sandy  banks  (0.  aritilojje 
and  crassicornis),  some  in  dead  wood  (0.  trif asciatus) , some 
in  bramble  sticks  (0.  IcEvii^es  and  melanoceplialus),  wliile 
others  select  such  ready-made  cavities  as  crevices  in 
doors,  keyholes,  &c.  (0.  parietum  and  antilope).  0. 
spinipes  is  noticeable  for  the  remarkable  nest  which  it 
makes  in  mud  banks ; this  is  furnished  with  a most 
beautiful  projecting  entrance  tube,  of  an  inch  or  more  in 
length,  curving  downwards,  constructed  of  small  pellets 
of  dried  mud.  0.  ^enif orviis  also  makes  a somewhat 
similar  nest.  The  Odyneri  prey  chiefly  upon  the  larvse 
of  Lepidoptera,  storing  them  up  alive  in  their  cells,  after 
paralyzing  with  their  stings,  like  the  Fossores. 

Our  one  British  species  of  the  genus  Eumenes  does 
not  form  several  cells  in  a tunnel  or  cavity  like  the 
Odyneri,  but  constructs  beautiful  little  mud  cells,  looking 
something  like  the  nest  of  a tree-building  Vespa  in 
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miniature,  wliich  it  hangs  among  the  stalks  of  heather  and 
other  plants.  The  female  stores  up  small  Lepidopterous 
lai-Tse  for  her  future  young. 

The  brilliant  Hymenopterons  Chrysididce  are  specially 
parasitic  upon  the  Odyneri,  and  sometimes  prove  very 
destructive  to  them.  Chrysis  neylecta  devours  the  grubs 
stored  for  food  by  0.  s'pinipes,  while  C . hidentata  sucks  the 
life  out  of  the  larvae  of  the  wasp  itself.  C . ignita  preys 
upon  many  species,  including  O.  parietinus,  spinipes  and 
antilo'pe. 

Odynerus,  Latr. 

().  spinipes,  Linn.— Generally  distributed  in  the  district. 
C.  hidentata  and  ignita  attack  its  nests  locally. 

().  callosus,  Thoms. — (piadratus,  Sm.  nee.  Pz. — Itecorded 
only  as  yet  from  liainhill,  H.H.H. 

O.  parietum,  Linn. — Fairly  distributed. 

().  pictus,  Curt. — oviventris,  Thoms. — Taken  at  Pock 
Ferry,  J.T.G.,  and  breeding  in  a sand  quarry  at 
Upton,  near  Chester,  E.C.T.,  at  Bolton,  C.  E. 
Stott,  and  described  as  “ commonly  distributed 
by  Mr.  B.  Cooke. 

().  trimarginatus,  Zett. — ^Sandhills  at  Wallasey.  Also 
occurs  inland  at  Chester,  E.C.T.,  and  near  Man- 
chester, on  thistle,  B.C. 

O.  trif asciatus,  Oliv. — ^Pecorded  as  “ common  in  the 
district,”  by  Mr.  B.  Cooke. 

O.  parietinus,  Linn. — Very  abundant  at  Delaniere, 
E.C.T.,  taken  at  Chester,  P.N.,  and  E.C.T.,  near 
Birkenhead,  J.T.G.,  and  Hoylake. 

().  sinuatus,  Fab. — hif asciatus,  Wesm. — ^Sparingly  at 
Manchester  and  Hazlegrove,  B.C. 
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Passing  from  the  first  great  division  of  the  Aculeata, 
the  Prcedories,  we  come  to  the  second,  the 

ANTHOPHILA. 

The  Anthophila,  or  flower  lovers,  are  the  Bees,  insects 
which  are  purely  vegetable  feeders  in  the  larval  state,  and 
store  up  in  the  cells  which  they  construct  for  their  young, 
honey  and  pollen,  delicate  sustenance  collected  from 
flowers,  instead  of  animal  food,  like  the  Fossores  and 
Diploptera. 

These  Bees  are  for  the  most  part  solitary  in  habit,  con- 
sisting of  male  and  female  only ; but  many  of  the  solitary 
species,  with  their  separate  burrows,  are,  like  some  of  the 
Prcedones,  of  gregarious  disposition,  and  form  large 
colonies  of  nests  in  close  proximity.  Two  genera,  how- 
ever, Bombus  and  Apis,  form  an  exception  to  the  majority 
of  the  Anthophila,  and  are  social  insects,  with  male, 
female  and  worker  (or  imperfect  female)  ; they  live  as 
large  communities  dwelling  together  in  one  nest. 

Further,  certain  genera  of  the  Anthophila  form  an 
exception  to  the  rule  of  the  parent  providing  food  for  her 
future  offspring ; for  the  inquiline  or  “ cuckoo  bees  ” of 
the  genus  Nomoda,  Sphecodes  ? Epeolus,  Melecta, 
Codioxys  and  Stelis,  instead  of  themselves  excavating 
burrows  and  storing  up  food  therein  for  their  future 
young,  lay  their  eggs  in  the  already  provisioned  nests  of 
other  species,  or  even,  in  the  case  of  P sithyrus,  make  the 
workers  in  the  nests  of  their  social  hosts  feed  their  off- 
spring for  them. 

Obtusilingues. 

Bees  with  short  fiat  double  lobed  tongues  like  the 
Wasps ; these  they  use  for  lining  the  inside  of  the  cells 
which  they  construct  for  their  offspring. 
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COLLETID.E. 

( ()l I etea,  La,tr.  ^Solitary  bees  wliieli  buiTow,  frequently  in 
large  colonies,  either  in  sandy  banks  {C. 
(laviemna  and  mmicularia),  in  the  softer  parts  of 
mud  walls,  or  similar  situations.  Their  little  tun- 
nels are  usually  straight,  from  six  to  ten  inches 
long,  with  a series  of  cells  opening  therefrom. 
The  cells  are  lined  by  the  female  bee  with  a 
delicate  and  glistening  membrane,  something 
like  goldbeaters  skin ; each  contains  an  egg, 
and  sulficient  honey  and  pollen,  mixed  into  a 
little  cake,  for  the  nourishment  of  the  future 
grub,  which  the  parent  bee  herself  never  lives 
to  see. 

Colletes  is  sometimes  attacked  by  another  bee  of 
the  inquiline  genus  E'peolus.  This  robber  lays 
its  eggs  in  the  carefully  excavated  and  pro- 
visioned cells  of  its  host ; and  these  eggs,  hatch- 
ing first,  produce  grubs  which  consume  the  food 
stored  up  by  the  Colletes  for  her  offspring,  thus 
causing  the  latter  to  perish.  The  grubs  of  the 
Hynienopteron  Chrysis  iynita  souietimes  devour 
the  larvae  of  the  bee,  and  so  do  those  of  the  little 
Chalcid  Monodontomerus.  Among  the  Dijitera, 
Miltocjrairima  imnetatus  feeds  upon  the  larvae  of 
Colletes,  and  various  Forficulce  are  often  very 
destructive  to  them.  Another  enemy,  on  the 
Continent,  at  any  rate,  is  that  curious  Coleop- 
teron  Citaris  colletis,  the  larva  of  which,  going’ 
through  remarkable  transformations,  devours 
hist  the  egg  of  the  bee  and  then  the  honey  stored 
in  the  cell. 

(\  suceincta,  Linn. — 'Occurs  inland  with  us,  where 
heather  grows,  as  at  Lelamere,  B.C.  and  E.N.,  at 
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Frodsham,  and  at  Simmonswood  Moss, 

Dr.  Cotton. 

C.  fodiens,  Kirb.— This  coast  species  has  been  taken  at 
Southport,  B.C. 

c.  marginata,  Sm.—balteata,  Nyl.,  Thoms.— Wallasey 
sandhills,  H.H.H. 

C.  Daviesana,  Sm. — ^Burrows  in  sandstone  near  Wallasey 
village,  J.T.G.,  by  the  banks  of  the  Mersey,  near 
Manchester,  and  beside  the  Bollin  river,  near 
Bowden,  J.B.H. 

C.  cunicularia,  Linn. — This  is  one  of  the  specially  in- 
teresting Bees  of  onr  district,  the  species  being 
peculiar  to  it  as  far  as  the  British  Islands  are 
concerned.  The  first  known  capture  was  on  the 
IVallasey  sandhills  on  the  4th  of  May,  1855,  by 
the  Lev.  H.  H.  Higgins,  who,  however,  only 
noted  it  in  his  private  diary.  In  1867  several 
specimens  of  the  bee  were  taken  at  the  same  place 
by  Mr.  N.  Cooke,  brother  to  Mr.  Benjamin 
Cooke ; the  fact  of  the  discovery  of  this  addition 
to  onr  British  fauna  by  Mr.  Cooke  was  announced 
by  Mr.  F.  Smith  in  Ent.  Mon.  Mag.,”  1869, 
p.  276 ; but,  owing  to  the  specimens  having  been 
inadvertently  transferred  to  a box  containing 
some  Isle  of  Wight  captures,  the  locality  was 
recorded  as  Ventnor.  In  1870  Mr.  Cooke  found 
further  examples  of  the  bees  at  their  burrows  at 
Wallasey,  v.  Ent.  Ann.,”  1870.  From  that 
time  to  the  present  the  insect  has  been  taken 
fre’ely  in  the  same  locality,  where  it  is  in  fact 
abundant,  making  its  burrows  gregariously  in 
various  parts  of  the  sandhills.  It  has  also  since 
been  discovered  to  have  a much  more  extended 
range  in  our  two  counties  than  was  at  first  sup- 
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posed.  On  the  opposite  side  of  the  Mersey  it 
occurs  freely  alonp^  the  Lancashire  coast,  c.y.,  near 
the  Waterloo  Coursing  grounds,  among  the  sand- 
hills at  Crosby,  and  at  Southport,  B.C.,  while 
it  has  been  taken  as  far  north  as  Blackpool  by 
Mr.  C.  L.  Stott.  South  of  its  “ metropolis  ” at 
Wallasey,  its  range  extends  along  the  sandhills 
in  Cheshire  as  far  as  Hoylake,  where  there  is  a 
large  colony,  and  West  Kirby,  while  inland  a 
specimen  has  been  taken  near  Eock  Ferry,  J.  T. 
Gr.,  and  another  fifteen  miles  away  from  the 
coast,  near  Chester,  E.  C.  T.  Whether  the  two 
last-named  captures  represent  distant  wanderers 
from  their  seaside  homes  or  belong  to  as  yet  un- 
discovered colonies  located  at  these  inland  sta- 
tions, has  not  yet  been  determined.  On  the  Con- 
tinent, however,  the  insect  has  a wide  range  in- 
land as  well  as  along  the  coast  line.  C.  cunicu- 
laria  is  a large,  handsome  species,  the  female 
about  the  size  of,  and  much  resembling,  a honey 
bee  when  on  the  wing ; even  when  hovering  over 
the  sallow  bloom  which  it  loves,  however,  it  may 
easily  be  distinguished  from  the  latter  species  by 
its  thinner  legs  ; in  the  honey  bee  the  broad  flat 
hind  legs  hang  conspicuously  below  the  abdomen 
in  flight,  identifying  it  at  once  ; if  our  Collete^ 
be  captured  and  examined,  moreover,  it  will  be 
found  to  have  a broad,  short,  double-lobed,  flat 
tongue,  like  that  of  a wasp,  instead  of  the  long 
pointed  tongue  of  the  honey  bee  ; C.  eunicularia 
is,  in  fact,  the  only  British  bee  of  large  size  which 
has  a tongue  of  this  description.  S'phecodes 
'pdifrons  has  been  observed  frequenting  its 
burrows,  E.N.,  and  is  possibly  inquiline  upon  it. 


IIYMENOrTERA-ACULEATA. 


393 


Prosopis,  Fab.— The  females  of  this  genus  generally 
excavate  little  tunnels  and  cells  in  the  stems  of 
bramble,  wild  rose,  dock,  &c.  These  they  line 
inside  with  a membrane  somewhat  after  the 
manner  of  the  last  genus.  One  species,  however, 
sometimes  adopts  crevices  in  old  walls  for  its 
nest  cells.  They  are  not  usually  gregarious  in 
their  nidification.  The  food  stored  for  their 
young  is  semi-liquid  honey,  as  they  have  prac- 
tically no  pollen  collecting  apparatus.  They 
have  an  enemy  in  a small  Chalcid,  which  attacks 
and  devours  their  larvae. 

P.  communis,  ^j\.—annulata,  Kirb.— Only  noted  as  yet 
from  Hough  End  Clough,  near  Manchester, 

J.H.H. 

P.  signata,  Panz.— Also  only  reported  so  far  from  the 
banks  of  the  Mersey,  near  Manchester,  J .R.H. 

P.  hyalinata,  Sm. — armillatus,  Nyl.,  Thoms.  AVallasey, 
breeding  in  mortar  of  old  wall.  Taken  on  the 
Cheshire  coast,  B.C. 

P.  confusa,  Nyl. — ^ Ferry, 

J.T.O.,  and  Southport,  J.R.H. 

P.  pictipes,  Nyl.-^aWyes,  Sm.— Recorded  from  the 
banks  of  the  Bollin,  J .H.H. 

Acutilingues. 

Bees  with  narrow  pointed  tongues  quite  different  from 

those  of  the  last  two  genera,  varying  greatly  in  length. 

Anduenid^. 

PlaJictus,  Latr.— The  burrows  of  the  members  of  this  genus 
of  solitary  bees  are  excavated  either  in  sandy 
banks,  in  flat  ground,  or  sometimes  in  the  mortar 
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of  old  walls.  Each  little  tunnel  nsnally  blanches 
out  into  several  smaller  ones.  The  entraiices  are 
nsnally  most  aoenrate  circles,  which  makes  the 
work  of  bees  of  this  g^enns  distinguishable.  The 
interior  of  the  tunnels  is  beautifully  smoothed. 
Tlie  females,  of  some  species  at  any  rate,  work  at 
their  excavations  by  night,  and  devote  the  day 
to  collecting  honey  and  pollen  for  storage  in  the 
cells  as  well  as  to  rest  from  their  labours.  JMost 
of  tlie  species  are  gregarious,  but  a few  dwell 
ajiart  from  their  fellows 

Eees  are  creatures  with  many  enemies  always 
ready  to  decimate  their  ranks.  In  some 
places  the  TIalicti  are  much  preyed  upon 
by  a solitary  wasp,  Cerceris  ornata,  which 
stings  the  bees  and  stores  them  as  food 
in  its  own  nest ; but  luckily  for  the  Halicti 
of  our  own  neighbourhood  this  wasp  does  not 
appear  to  occur  here.  Of  other  foes  the  female  of 
an  rialictoi)hagus,  one  of  the  curious  aberrant 
Coleoptera  related  to  Stylojis,  to  be  referred  to 
under  Andrena,  sometimes  makes  its  home  in 
the  abdomen  of  Halictus.  The  burrows  of 
this  genus  are  occasionally  frequented  by  bees  of 
the  genus  Nornada,  to  be  noted  later,  which  are 
perhaps  inquiline  upon  them.  This  may 
probably  also  be  said  of  the  allied  genus 
A phecode^^  which  associates  largely  with 
Tlalictus,  and  of  the  ant  Myrmosa  melanocephala. 
A Chrysid,  H edychrum,  also  preys  upon  the  larvse 
of  Halictus.  Of  Diptera,  various  species,  such  as 
of  the  genus  Phorhia,  &c.,  haunt  the  nests  of 
Hcdicti,  and  their  carnivorous  larvm  probably 
])rey  u])on  the  grubs  of  the  bees. 
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U.  ruhicundus^  Clir. — ^Generally  distributed  over  the 
district. 

U.  Jeucozonius,  Sclir. — Noted  at  Marple,  J.It.H.,  Oxton, 
T.T.G.,  and  as  well  distributed,”  B.C. 

II.  quadrinotafus,  Kerb. — Reported  from  West  Kirby,  on 
Rosa  sjnnosissima,  J.R.H. 

H.  l(Fvigatus,  Kirb. — luguhris,  Kirk.  ^ . — This  scarce 
species  has  been  taken  at  Hazlegrove,  B.C.,  and 
at  Rock  Kerry,  J.T.G. 

II.  cylindricus,  ¥ah.—fidvocincta,  Kirb.— Common  and 
widespread. 

H.  alhipes,  Kirh.— oh ovata,  KiPb.— Probably  equally 
common.  Specially  noted  at  Stretford,  J.R.H. , 
Helamere  and  Chester,  E.C.T.,  Rock  Kerry, 
J.T.G.,  and  Rainhill,  H.H.H. 

II.  villosulus,  Kirb.— punctulatus,  Thoms.— Only  observed 
so  far  at  Hazlegrove,  B.C.,  and  at  Rock  Kerry, 
J.T.G. 

II.  atricornis,  Sm. — This  is  another  special  bee  in  our 
local  list.  The  species,  when  first  discovered  by 
the  late  Mr.  B.  Cooke  at  Hazlegrove,  near  Man- 
chester, in  July,  186(),  was  new  to  science,  v. 
“ Ent.  Ann.,”  1870,  p.  26.  It  was  subsequently 
obtained  at  the  same  place  in  some  numbers  by 
• Mr.  Cooke.  Since  then  this  interesting  little  bee 
has  been  taken  by  Mr.  John  Ray  Hardy  at  Stret- 
ford, near  Manchester  ; and  the  Rev.  K.  D.  Morice 
met  with  it  in  a sand-pit  at  Whalley,  in  Lanca- 
shire. More  recently  it  has  been  found  in  other 
parts  of  the  country:  in  Warwickshire,  both  .at 
Rugby  and  near  Birmingham,  and  also  in 
Gloucestershire,  at  Wotton-under-Edge  ; but  it 
has  not  yet  been  discovered  out  of  England.  Both 
our  Hazlegrove  and  Stretford  localities  have  un- 
BB 
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fortunately  been  destroyed  by  building.  II. 
atricornis  is  much  like  the  common  II.  nitidius- 
ciilus  or  the  less  abundant  H.  minutus  in  outward 
appearance ; but  it  is  fractionally  larger  than 
II.  mimit'Ufi,  and  has  a longer  face  ; structurally, 
however,  the  males  are  easily  distinguishable 
from  all  other  Ilalieti  by  the  form  of  the  geni- 
talia ; in  II.  africoriii^i  the  apex  of  each  of  the 
stipites  is  produced  into  a narrow  elongated  stalk 
with  a knob  at  its  end,  in  a way  which  easily 
separates  it  from  any  other  species,  and  ensures 
it  accurate  identification  upon  examination  with 
a lens.  The  hybernated  females  of  this  bee 
appear  in  May,  and  males  and  females  emerge  in 
August  and  September,  when  Ihey  frequent 
flowers  of  the  blackberry  ; Mr.  Cooke  used  to  take 
the  males  as  early  as  July,  or  about  three  weeks 
sooner  than  those  of  the  allied  H.  minutus.  The 
burrows  are  excavated  gregariously,  generally  in 
banks  at  the  sides  of  ditches. 

II.  minutus,  Kirb. — ^Pretty  generally  distributed,  as 
Chorlton  and  Bollin  Valley,  J.P.H.,  near  Man- 
chester, B.C.,  Painhill,  Rock  Ferry, 

J.T.Gr.,  Wallasey  and  Hoylake. 

H.  nitidiusculus,  Kirb. — ^Also  frequent  over  the  district. 
Chrysis  ignita  observed  to  frequent  its  burrows. 

II.  minutissimus,  Kirb. — Taken  at  Rainhill,  and 

Oxton,  J.T.Gr.  Probably  overlooked  elsewhere. 

H.  tumidorum,  Linn. — flavipes,  Kirb.,  Sm. — ^Only 

recorded  as  yet  from  Bowden,  B.C.,  and  Rock 
Ferry,  J.T.G.,  but  probably  only  requires  search- 
ing for. 

H.  Smeathmanellus,  Kirb. — So  far  only  noted  from 
Delamere,  R.N.,  but  this  species  again  is  pro- 
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bably  overlooked,  as  it  is  abundant  in  North 
Wales. 

H.  morio,  Fab. — ceratus,  Kirb. — Another  common  species 
which  has  escaped  observation,  as  our  only 
records  are  from  Hazlegrove,  B.C.,  and  Lindow 
Common,  near  Manchester,  J.F.H. 

H.  leucopus,  Kirb. — Taken  frequently  at  Chester,  E.C.T. 

Sphecodes,  Latr. — A genus  nearly  related  to  the  last- 
named,  and  about  the  habits  of  which  there  has 
been  much  discussion.  On  the  one  hand  it  is 
held  that  the  female  excavates  a nest  for  herself 
and  provisions  the  same  for  her  offspring  like  any 
ordinary  solitary  bee.  On  the  other,  it  is  repre- 
sented that  Sphecodes  does  not  work,  but  is 
inquiline  upon  other  bees.  There  is  no  doubt 
that  Sphecodes  associates  very  persistently  with 
bees  of  the  genus  Halictus,  and  also  sometimes 
with  species  of  Andrena  and  Colletes.  Examples 
of  this  mutual  connection  are  as  follows,  viz. : — 


S.  reticulatus 
S.  suhquadratus 


S.  gihhus 


with  H.  ruhicundus  and  other 
Halicti. 

,,  H.  prasinus. 


,,  various  Halicti  and  A. 
fulvicrus. 


S.  spinidosus 


,,  H.  xanthopus  and  A. 
fulvicrus  f 


S.  2nmctipes 
S.  long  ulus 


S.  ruhicundus 
S.  pilijrons 


, , H.  villosidus 
,,  H.  minutissimus. 
,,  A.  lahicdis. 


,,  H.  leucozonius,  A,  humi- 
lis  and  C.  cunicidaria. 


S.  similis 


,,  n.  quadrinotatus  and  A. 
fulvicrus. 


S.  affinis 


,,  H.  nitidiusculus,  H. 
tumidorum  and  A.  ful- 


vicrus. 
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The  evidence  in  favour  of  inquilinism  of  this 
genus  is  based  upon  general  analogy,  upon  the 
usual  demeanour  of  the  insect,  upon  the  time 
of  appearance  of  imago,  and  the  habit  of  hyber- 
nation of  same  after  the  manner  of  Halictus.  The 
whole  question  is  admirably  dealt  with  by  the 
Rev.  F.  D.  Morice  in  “ Ent.  Mon.  Mag.,”  March- 
April,  1901,  from  which  the  above  summary  is 
taken. 

S.  gihhus,  Linn. — 'Fairly  distributed;  specially  noted 
about  Manchester,  J.R.H.,  and  Rock  Ferry,  J.T.G. 

S.  suhquaJratus,  Sm. — Only  recorded  so  far  from 
LTpton,  near  Chester,  E.C.T. 

S.  'pilifrons,  Thoms. — rufiventris,  Sm. — Taken  at  Hazle- 
grove  and  at  Southport,  B.C.  ; freely  upon  the 
sandhills  at  Wallasey ; at  Chester,  R.N.  and 
E.C.T.,  and  at  Ince,  R.N.  ;near  Malpas.  Three 
specimens  observed  entering  burrows  of  Colletes 
cunicularia  at  Wallasey,  R.N.  {v.  Ent.  Mon.  Mag., 
May,  1901). 

hS.  ejjphippia,  Linn. — Widely  distributed,  as  Rainhill, 
Bowden,  B.C.,  Chester  and  Delamere, 
E.C.T.,  Bebington,  J.T.O.] 

S.  affinis,  v.  Hag. — Hoylake  ; Chester,  E.C.T. 

Andrena,  Fab. — The  females  of  this  large  genus  burrow 
eight  to  twelve  inches  deep  in  various  situa- 
tions ; some  in  vertical  banks,  some  in  slop- 
ing undulations,  and  others  in  level  ground 
and  even  in  hard  trodden  pathways.  The 
tunnels  branch  out  below  the  entrance,  and  are 
usually  but  very  roughly  made,  in  contradistinc- 
tion to  the  well  siiioothed  burrows  of  the  genus 
Halictus.  Most  of  the  species  are  gregarious, 
such  as  A.  fulva,  nigrocenea,  fulvicrus,  alhicrus, 
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labialis,  and  coitana,  while  a few  make  their  little 
tunnels  apart. 

The  Andrenas,  like  other  Anthophila,  have 
many  foes.  The  bees  themselves  are  sometimes 
preyed  upon  by  rapacious  Acnleates  of  the  two 
genera  Vesjm  and  Cerceris,  which  carry  them  oh 
as  food  for  their  young.  Of  other  enemies,  the 
writer  has  occasionally  detected  the  minute 
orange  as  well  as  the  black  primary  larvse  of  the 
parasitic  Coleoptera  of  the  curious  genus  Meloe 
upon  bees  of  this  genus,  and  the  imagines  of  one 
species  {M.  pro  scar  aboeus)  may  often  be  seen 
crawling  about  sandy  banks  near  the  burrows 
of  Andrenas  in  our  district.  The  apterous 
female  of  that  remarkable  aberrant  Cole- 
opteron  Stylops  melittcE  sometimes  occurs  in 
our  neighbourhood,  protruding  its  head  between 
the  segments  of  the  abdomen  of  individuals  of 
certain  species  of  the  genus  Andrena,  and  causing 
curious  malformation  in  the  bee  ; but  the  writer 
has  never  met  with  the  rare  male,  nor  has  Mr. 
R.  Newstead,  who  has  kept  special  watch  for  it, 
the  Rev.  H.  H.  Higgins  once  secured  one  of  these 
exquisitely  graceful  white  winged  flies  in  his 
garden  at  Rainhill.  The  nests  of  Andrena  are 
much  attacked  by  bees  of  the  inquiline  genus 
Nomada,  whose  larvse  appropriate  the  honey  and 
pollen  cakes  stored  up  by  their  hosts,  as  noted 
more  particularly  later ; and  a small  Dipteron  of 
the  genus  Bombilius  also  enters  their  burrows, 
where  its  carnivorous  grubs  devour  the  larvae  of 
the  bee. 

A.  albicans,  Kirb.— One  of  our  commonest  spring  species 
all  over  the  district. 
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.4.  tibialis,  Kirb.,  atricejn,  Kirb.,  Thoms,  Mouffetella,  ^ 
Kirb. — So  far  only  recorded  from  Sale  and  from 
Chat  Moss,  J.R.H. 

A.  Rosce,  Panz.,  var.  Trimmer  ana,  Kirb. — Abundant  and 
widespread  in  the  district. 

A.  cineraria,  Linn. — This  handsome  species  has  been 
taken  at  Hough  Lnd  Clough,  near  Manchester, 
J.K.H.,  Kainhill,  H.H.H.,  High  Leigh  and  Ince, 
H.N.,  Chester,  a colony  at  Bache  Hall,  E.C.T., 
and  variously  in  the  district,  B.C. 

A.  thoracica,  Fab.Only  recorded  from  Hock  Ferry,  J.T.G. 

A.  mtida,  Fourc.— Willaston,  J.T.Gi.,  Hisley,  C.  F.  Stott, 
and  described  as  “ widely  distributed  ” in  the 
district,  B.C. 

A.  fulva,  Schr.— This  pretty  bee  is  well  distributed  in  the 
district,  burrowing  in  paths,  grassy  commons  and 
garden  lawns.  It  is  a species  that  is  particularly 
variable  in  its  occurrence  hereabouts,  being  some- 
times scarce,  while  in  other  years  it  has  appeared 
in  phenomenal  abundance.  In  1898  and  1899, 
for  instance,  A.  fulva  literally  swarmed  in  many 
localities.  Grass  plots  in  gardens  were  riddled 
with  its  burrows,  their  surrounding  little  heaps 
of  sand  looking  like  innumerable  mole  hills  in 
miniature,  while  the  brilliantly  coloured  bees  sat 
on  nearly  every  daisy,  to  the  no  small  astonish- 
ment of  the  owners  of  the  lawns.  Such  was  the 
case  in  a garden  at  Knotty  Ash,  on  a common  at 
Oxton  and  at  Kantwich;  around  Manchester,  in 
gardens  at  Cheetham  Hill,  Hidsbuiy,  Ashton  and 
Barton,  and  on  Lindow  Common  (where  with 
accompanying  swarms  of  Meloe  2)roscarahoeus 
about  burrows)  the  same  phenomenon  was  noted, 
J.K.H. ; also  at  Chester,  R.K.  These  vears  of 
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special  abundance  of  insects  in  our  district  are  as 
yet  difficult  to  account  for  fully.  Among  the 
Coleoptera,  C.  hyhrida  and  many  Hydrade'phaga 
may  be  mentioned  as  swarming,  and  tbe  rare 
^galia  rufa  as  specially  abundant,  some  seasons, 
and  as  again  hardly  visible  for  years.  Among 
tbe  Lepidoptera  tbe  same  bas  been  noted  of  C. 
Edusa,  of  tbe  occasional  plague  C.  graminis,  and 
of  tbe  notorious  D.  galii  (tbe  latter  ably  treated 
of  by  Mr.  W.  E.  Sharp  in  a paper  in  Trans., 
Liverpool  Biol.  Socy.,  vol.  YII.,  p.  11^)-  H 
probable  that  the  periodical  abundance  of  A. 
fulva  is  largely  due  to  the  weather  during  the 
breeding  season  of  both  itself  and  of  its  several 
enemies.'  It  is  certainly  not  explainable  by  tbe 
favourite  “blown  over  from  the  Continent” 
theory  of  tbe  Lepidopterist. 

A.  Clarkella,  Kirb.— Usually  our  first  spring  bee;  bas 
been  specially  noted  near  Manchester  and  at 
Bowden,  B.C. ; Delamere,  B.C.  and  E.C.T. ; 
Eainbill,  H.H.H. ; Wallasey  sandhills  and 
Ledsbam. 

A.  nigrownea,  Kivh.—aprilina,  Sm.— Abundant  ' and 
widely  distributed  over  our  two  counties. 

A.  Gwynana,  Kirb.  (1st  brood). — hicolor,  Eab.  (2nd 
brood). — Only  reported  so  far  from  Hazlegrove, 
B.C.,  and  Rainbill,  H.H.H. , but  probably  occurs 
elsewhere,  as  it  is  common  in  North  Wales. 

A.  angustior,  Kirb. — A scarce  insect  taken  at  Hazle- 
grove, B.C. 

A.  varians,  Eossi. — Has  occurred  at  Wallasey  and 
Chester,  E.C.T.,  and  at  Eock  Ferry,  J.T.G. 

A.  helvola,  Linn.— Eeported  from  Hazlegrove,  B.C., 
Eainhill,  H.H.H.,  and  Eock  Ferry,  J.T.G. 
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A.  fucata,  Sm. — Taken  on  Wallasey  sandhills. 

A.  nigriceps,  Kirb.,  Sm.— This  scarce  species  has  been 
taken  at  Rock  Ferry,  J.T.G. 

A.  fulvicrus,  ^iTh.—extricata,  Sm.— Taken  at  Rainhill, 
and  Rock  Ferry,  J.T.G.  “Near  Liver- 
pool” is  mentioned  as  a locality  in  Smith’s 
“ British  Bees,”  second  edition,  p.  58. 

A.  alhicrus,  Kirb. — A very  common  species  with  us  both 
on  our  coasts  and  inland. 

A.  arialis,  Panz. — *Once  taken  at  Rock  Ferry,  J.T.G. 

A.  humilis,  Imh. — fulvescens,  Sm. — Has  occurred  near 
Manchester,  B.C.  ; and  at  Rock  Ferry,  J.T.G. 

A.  lahialis,  Kirb. — separata,  Sm. — Taken  at  Hazlegrove, 
B.C.,  Bollin  Valley,  Eccles  and  Lindow,  J.R.H., 
and  Rock  Ferry,  J.T.G. 

A.  minutula,  Kirb.  (2nd  brood).— parrWa,  Kirb.  (1st 
brood).  Only  recorded  so  far  from  Crosby  and 
Rainhill,  H.H.H. 

A.  nana,  Kirb.  Noted  as  yet  only  from  Bowden  and 
Hazlegrove,  B.C. 

A.  Wilkella,  Kirb. — xanthura,  Kirb. — Bowden  and 

Hazlegrove,  B.C.,  Chester,  E.C.T. 

Cilissa,  Leach. — This  genus  contains  only  three  species  in 
Britain.  Their  habits  are  probably  the  same  as 
the  gregarious  members  of  the  genus  Andrena. 
They  have  not,  so  far,  been  recorded  in  our 
district,  though  C.  leporina  may  exist,  as  it 
occurs  in  North  Whales. 

Dasypoda,  Latr. — Our  single  and  striking  British  species 
burrows  in  large  colonies  in  sandhills,  generally 
choosing  a bank  overgrown  with  herbage,  and 
with  a southern  aspect.  One  little  tunnel  leads 
to  a series  of  cells,  and  all  are  very  roughly 
finished  internally. 
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This  genus  does  not  seem  to  be  a prey  to  any 
inqniline  bees,  but  it  has  an  enemy  in  a small 
Dipteron  of  the  geiins  Miltogramma,  whose  grubs 
nourish  themselves  at  the  expense  of  the  larvse 
of  the  bee. 

I).  Urtipes. — Latr. — Along  Cheshire  coast,  B.C.  For- 
merly  very  abundant  on  Wallasey  sandhills,  but 
apparently  not  there  now.  Inland  at  Sale  and 
valley  of  the  Bollin,  J.B.H. 

Macropis,  Panz. — The  single  British  species  of  this  genus 
has  only  been  taken  in  the  South  of  England,  and 
is  unlikely  to  occur  in  our  district. 

Panurgus,  Panz. — Our  two  British  species  burrow  gre- 
gariously in  sandy  banks  or  sometimes  in  hard 
trodden  pathways.  They  have  not  hitherto  been 
observed  in  our  district,  though  P.  ursines  occurs 
not  far  off  in  A^orth  Wales. 

The  latter  species  is  sometimes  attacked  by  the 
inqniline  Nomada  fahriciana,  and  the  Dipteron 
Miltogramma  punctata  preys  upon  the  larvse  of 
Panurgus. 

Dufourea,  Lep.— This  genus  contains  but  one  species  in 
Britain,  which  is  very  rare.  Nothing  appears  to 
be  known  of  its  habits. 

Rophites,  Spin. — Another  genus  with  only  one  species,  to 
which  the  above  remarks  equally  apply. 

Nomada,  Fab. — This  is  a genus  of  inquiline  or,  as  they 
are  frequently  called,  “ cuckoo  bees.”  These 
wasp-like  looking  insects,  instead  of  excavating 
burrows  and  storing  up  food  for  their  off- 
spring therein  themselves,  like  other  Aculeates, 
simply  appropriate  the  results  of  the  toil  of  other 
bees,  and  lay  their  eggs  in  the  carefully  con- 
structed and  well  victualled  cells  of  various  indus- 
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trious  species.  Their  hosts  are  bees  of  the  genus 
Andrena,  Halictus,  Kucera  and  Panurgus,  none  of 
which  the  bright  “ warning  colours  ” of  Nomada 
in  the  least  resemble.  The  flight  of  the  species 
of  this  genus,  as  of  other  inquilines,  is  slow,  list- 
less and  silent,  quite  different  from  the  quick 
energetic  activity  and  busy  hum  of  an  industrious 
bee. 

The  Nomadce  are  sometimes  particular  but 
often  promiscuous  in  their  inquilinism.  So  far 
as  observation  by  various  authorities  has  gone, 
however,  the  following  species  appear  to  associate 
themselves  with  the  under-mentioned  hosts,  viz.  : 


N.  liobertjeotiana  with 
N.  solidaginis  - ,, 

N.fucata  - - 

N.  sexfasciata  - ,, 

N.  alter nata  - ,, 

N.  jacohcEce-  - ,, 

iV.  Lathlmriana  - ,, 

N.  albogutata  - ,, 

N.  ru/icornis  - „ 


N.  bifida  - 
N.  borealis  - 
N.  lateralis  - 


Andrena  analis  and 
? Halictus  riibicundiis. 

Andrena  nigrice2)s  and 
? Halictus  leucozonius. 

Andrena  fulvicrus,  ? Ha- 
lictiis  rubicundus,  and 
? Halictus  leucozonius. 
Eucera  longicornis. 
Andrena  atricejys,  An- 
drena nigro-cenea  and 
Andrena  albicans. 

A nd)  ‘ena  fulvicrus- 

Andrena  labialis  and 
Andrena  fulva. 

Andrena  argentata. 

Andrena  Trimerana,  An- 
drena atricejjs,  Andrena 
fulva  and  Andrena  nigro- 
cenea. 

Andrena  albicans. 
Andrena  Clarkella. 
Andrena  bucepluda. 
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N.  ochrostoma  - with  Andrena  lahialis  and 
Andrena  wilkella. 


N.  armata  - - „ 

N.  ferruginata  - ,, 

N.  fabriciana  - ,, 

N . Jiavo guttata  - „ 

N.furva  - - 


Andrena  Hattorjiana. 
Andrena  ftdvescens,  An- 
drena Jmmilis  and  An- 
drena Cetii. 

Andrena  gwynana  and 
Panurgus  ursines. 

Andrena  ivilkella  pro- 
bably, and  Ajidrena  nana. 

? Halictus  morio,  ? Halic- 
tiis  minutus  and  Halic- 
tus nitidiuscidiis. 


N.B.-Though  certain  species  of  Nomada  associate 
with  species  of  Halictus,  whether  they  are  really 
iuquiliiie  in  their  cells  is  apparently  still 
undecided. 


N.  solidaginis,  Panz. — Taken  at  Pock  Ferry,  J.T.G. 

N.  succincta,  Panz.— Common  and  widely  distributed  in 
the  district. 

N.  jacohcecB,  Panz.— Taken  in  valley  of  the  Bollin, 
and  sparingly  near  Chester,  P.N. 

N.  alternata,  Kirb. — Marshamella,  Kirb.,  Thoms. 

Equ^ally  abundant  and  widespread  with  succincta. 
Specially  observed  at  burrows  of  A.  albicans, 
E.C.T. 

Ah  Lathhuriana,  liirh. —rufiventris,  Kirb.,  Thoms.— This 
local  species  has  been  taken  near  Manchester, 
B.C.,  and  at  Bache  Hall,  Chester,  “ at  biirrows 
of  A.  fulva,”  E.C.T. 

Ah  lateralis,  Panz.  nec  ^m.—xanthosticta,  Kirb.,  Sm. 

Keported  from  near  Manchester,  B.C.,  and  from 

banks  of  the  Mersey  at  Chorlton,  J .K.H. 

N borealis,  Zett. — Phvington,  B.C.,  Bolton,  C.  E.  Stott; 
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and  “taken  in  the  Wirral,”  H.H.H.  It  is  not 
infrequent  in  North  Wales. 

N.  ruficornis,  Linn. — Valley  of  the  Bollin,  “in 

the  Wirral,”  H.H.H.  Chester,  common  locally, 
E.C.T.,  Wallasey,  H.  Locke,  and  described  as 
fairly  distributed,”  B.C.  This  species  varies 
much  in  colour  locally. 

iV . ochostroma,  Kirk. — j)unctiscuta,  Thoms. — Taken  at 
Hazlegrove,  B.C. 

iV.  ferruginata,  Kirb. — germanica,  Sm. — Keported  from 
Stretford  and  Bowden,  J.Ii.H. 

N,  Fahriciana,  Linn. — ^Stretford  and  Eccles,  J.H.H., 
Hainhill,  H.H.H.,  Chester,  E.C.T.,  and  “fairly 
distributed  over  the  district,”  B.C. 

N.  furva,  Panz. — ^Only  recorded  so  far  from  valley  of  the 
Bollin,  J.R.H. 


Apid^. 

EjJeolus,  Latr. — This  genus  is  inquiline  in  habit,  like 
Nomacla.  It  attaches  itself  to  bees  of  the  genus 
Colletes,  and  has  also  been  taken  in  association 
with  Megachile  argentata. 

E.  procluctus,  Thoms. ^ — variegata,  pars.,  Sm. — Taken  in 
the  valley  of  the  Bollin  and  at  Sale,  J.E.H.  ; 
Hoylake,  E.C.T.,  and  West  Kirby,  J.K.H. 

Ceratina,  Latr. — ^Our  one  small  British  species  excavates 
its  cells  in  dead  bramble  stalks.  It  is  rare,  and 
has  not  been  observed  in  this  district. 

Chelostoma,  Latr. — The  members  of  this  genus  are  called 
“ Carpenter  Bees.”  They  usually  drill  holes  in 
wooden  posts,  though  they  sometimes  choose 
ready-made  cavities,  such  as  straws  in  thatch. 
Chrysis  cyanea  is  parasitical  upon  Chelostoma. 

C.  florisomne,  Linn. — Kainhill,  H.H.H. 
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Heriades,  Spin. — This  genus  contains  but  one  species,  of 
habits  similar  to  Chdostoma.  It  is  very  rare  in 
Britain. 

Coelio.rys,  Latr.— Another  inquiline  genus,  usually  laying 
its  eggs  in  the  previously  excavated  and  pro- 
visioned cells  of  Megachile,  to  which  it  is  struc- 
turally nearly  related.  It  also  attacks  Osmia, 
Anthophora  (on  the  Continent)  and  Saropoda. 
Most  of  the  species  appear  to  be  more  or  less 
promiscuous  (always  within  the  limits  of  the 
above  genera)  in  choice  of  hosts.  Our  British 
examples  of  the  genus  have,  however,  been 
specially  noticed  to  associate  with  the  following, 
viz. : — 

C.  vectis  with  Megachile  maritima. 

C.  rufescens  „ M.  circiuncincta  and  Osmia 
xanthomelana. 

C.  elonqata  „ M.  lignesceca,  M.  willughhiella, 
M.  circumcincta,  and  Osmia 
riifa. 

^ Upon  the  Continent,  at  any  rate,  the  para- 
sitical CcElioxys  is  in  its  turn  preyed  upon  by  the 
Dipteron  Anthrax,  whose  grubs  devour  its  larvae  ; 
and  both  Ccdioxys  and  Anthrax  again  are  further 
attacked  by  the  little  Chalcid  Monodontomerus, 
whose  grubs  are*  nourished  at  the  expense  of  the 
flesh  and  blood  of  its  hosts. 

C.  quadridentata,  Jj.—conica,  Thoms. — Reported  as 
numerous  at  Formby,  H.H.H. 

C.  elongata,  he^.—sympha:,  NyL,  Thoms.— Widely  dis- 
tributed in  our  district.  Specially  noted  at 
Leasowe ; along  the  Cheshire  coast,  and  at  vSouth- 
port,  B.C. ; Formby,  H.H.H. ; Higher  Bebing- 
ton,  J.T.G. ; Ince,  R.K. ; Delamere,  associated 
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with  a colony  of  M.  willy f/hhidla,  E.C.T.  and 

K.N. 

C.  acuminata,  ISTyl.— Once  taken  on  sandhills  at 
c Wallasey.  • 

maruUlmlaris,  Nyl. — This  is  another  notable  bee  in 
onr  local  list.  A single  specimen  was  taken 
among  the  sandhills  at  Wallasey  in  July,  1900, 
by  Mr.  F.  Birch,  being  the  first  and  only  time 
that  the  insect  has  occurred  in  Great  Britain,  v. 
“Ent.  Mon.  Mag.,”  July,  1901,  p.  166-167. 
This  Cwhoxys  is  probably  inquiline  upon 
some  species  of  the  genus  Megachile,  colonies 
of  which  should  be  watched  in  our  district ; 
but  although  the  bee  is  fairly  distributed  upon 
the  Continent,  its  actual  host  has  not  yet  been 
discovered.  It  is  to  be  hoped  that  further  ex- 
amples may  be  found  at  Wallasey,  and  that  the 
life  history  of  the  species  may  be  worked  out 
there. 

From  other  members  of  the  genus  C.  man- 
dibularis  may  be  distinguished  best  by  the  form 
of  its  mandibles  ; these  are  produced  into  a dis- 
tinct angle  near  the  centre  of  the  anterior  side, 
just  above  the  base  of  the  apical  groove.  To  see 
this  fully  the  insect  should  be  turned  on  its  back 
and  the  mandibles  examined  from  behind.  There 
are  also  various  other  minor  points  of  difference. 
Megachile,  Latr. — These  bees,  whose  cleverlv  constructed 
cells  have  long  been  the  admiration  of  naturalists, 
are  popularly  known  as  ‘‘Leaf  Cutters.”  They 
burrow  gregariously  in  various  situations,  e.g., 
in  decayed  wood  [M.  centuncularis,  willughhiella, 
lignesceca  and  versicolor),  in  sandy  ground  {M. 
centuncularis,  circumcinta,  maritima,  argentata 
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and  versicolor),  in  the  mortar  of  old  walls  {M. 
centuncularis  M.  maritima),  and  in  sound  oak  and 
mountain  ash  trees  {M.  lignesceca).  Most  of  the 
species,  however,  do  not  strictly  confine  themselves 
to  the  above  situations  for  nidification.  The  little 
tunnels  thus  excavated  they  line  in  a remarkable 
and  beautiful  manner  with  pieces  of  leaves  or 
flowers  most  accurately  cut  to  the  required  size 
and  shape  from  various  trees  and  shrubs,  chosen 
more  or  less  according  to  species.  No  one  “ Leaf 
cutter,”  however,  confines  itself  to  one  particulai 
kind  of  plant,  though  the  undermentioned  have 
been  observed  to  be  selected  most  frequently  by 
the  following  species,  viz. : — 


Lose 

Mercury 

Laburnum 

Lilac 
Sallow  - 


. t)y  M.  centuncularis, 
circumcinta,  and 
willughhieUa. 

- ,,  M.  centuncularis  and. 

circumcinta. 

- ,,  M.  centuncularis  Sind 

willughhieUa. 

- M.  centuncularis. 

- ,,  M.  centuncularis  nnd 

maritima. 


Buckthorn  - - M.  circumcinta. 

Scarlet  geranium  petals  ,,,  M.  centuncularis. 
Lotus  corniculata  petals  ,,  M.  argentata. 

The  nests  of  the  leaf-cutting  bees  are  attacked 
by  the  iuquiline  and  nearly-related  genus 
Calioxys,  and  also  by  the  Chalcid  Monodon- 
tomerus. 


M.  maritima,  ^ivh.j-lagopoda,  Thoms. — Wallasey  sand- 
hills ; the  Cheshire  coast,  B.C. ; not  infrequent 
in  North  AY ales. 
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il/.  WillugJihiella,  Kirb. — Fairly  distributed,  as  Bowden, 
B.C.  ; near  Birkenhead,  J.T.G.  ; Chester,  on 
flowers  of  sweet  pea,  E.C.T.  and  R.N. ; Bela- 
mere,  E.C.T.  and  R.N.  Monodontomerus  ceneus  ? 
bred  from  nest  cells  at  Chester,  R.N. 

M.  circumcincta,  Lep.— Pretty  frequent  in  our  district, 
both  on  the  coast  and  inland.  Taken  on  sand- 
hills at  Hoylake  and  Wallasey;  and  at  South- 
port,  B.C.  Inland,  it  has  occurred  at  Poolton  ; 
Rock  Ferry,  J.T.G. ; near  Birkenhead,  H.H.H. ; 
Chester,  where  a colony  was  found  behind  garden 
steps  within  the  city,  R.N.  ; and  Belamere, 
E.C.T. 

M.  centuncularis,  Linn. — Fairly  common  and  widespread 
both  on  our  coasts  and  inland. 

Osmia,  Panz. — The  bees  of  this  genus  are  called  “ Mason 
Bees”  from  the  marvellous  way  in  which  they 
construct  their  cells  of  a cement  formed  of  grains 
of  sand,  small  stones,  &c.,  agglutinated  together 
by  a secretion  of  the  insect.  These  cells  are  con- 
structed in  widely  different  situations  by  the 
various  species,  and  with  an  extraordinary  power 
of  adaptability  to  circumstances.  0.  ccerulescens, 
rufa,  hicolor  and  aurulenta  generally  adopt  any 
ready-made  burrows  in  sandy  banks,  old  mud  walls 
or  dead  wood.  0.  fiilviventris  usually  selects  the 
latter  situation.  0.  leucomelana  forms  a nidus  in 
dead  bramble  stalks,  0.  parietina  makes  its  nest  in 
cavities  in  stones  and  rocks,  0.  inermis  clusters 
its  cocoons  under  flat  stones,  while  0.  xantho- 
melana  constructs  its  beautiful  little  pitcher- 
shaped cells  at  the  roots  of  grass.  Some  species, 
such  as  0.  rufa,  hicolor  and  aurulenta,  occa- 
sionally adopt  almost  any  available  cavity ; they 
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construct  their  cells  inside  straws  and  reeds,  in 
deserted  snail  shells,  or  sometimes  even  instal 
themselves  in  keyholes.  0.  hicolor,  when  nest- 
ing* in  snail  shells,  has  the  curious  habit  of  cover- 
ing the  shell  with  a pile  of  stalks,  &c.,  making  it 
look  like  an  ants’  nest  in  miniature.  Several 
of  the  species  are  gregarious,  forming  large 
colonies. 

The  nests  of  Osmia  are  attacked  by  inqui- 
line  bees  of  the  genus  Stelis,  and  sometimes  by 
CcBlioxys.  Certain  Chrysididm  and  Monodonto- 
merus  denti'pes  also  prey  upon  the  larvse  of  Osmia. 

0.  rufa,  Linn. — Fairly  common ; specially  noted  at 
Hoylake,  West  Kir'by,  and  Oxton ; Cheshire 
coast,  B.C. ; Chester,  E.C.T.  ; Bowden,  J.R.H. ; 
Rainhill,  H.H.H. 

O.  xanthomelana,  Kirb. — fusciformis,  Gerst,  nec  Sm. — 
atrica'pilla,  Curt. — This  rare  species  was  taken  in 
tolerable  abundance  upon  a “ perpendicular  bank 
by  the  riverside,  near  Liverpool,”  in  1835,  by 
Mr.  G.  R.  Waterhouse,  and  its  interesting  life 
history  worked  out,  v.  “ Zoologist,”  Yol.  II.,  p.  403. 
The  female  makes  a nest  composed  of  from  three 
to  six  beautifully  constructed  pitcher-shaped  cells 
of  mud  and  grit  and  closed  with  lids,  which  she 
usually  places  in  light  dry  soil  at  the  roots  of 
grass  ; sometimes  the  cells  are  partly  exposed, 
while  occasionally  they  are  in  a little  chamber 
underground.  The  imago  frequents  Lotus  cor- 
niculatus. 

None  of  our  recent  collectors  have  been  able  to 
discover  this  species  near  Liverpool.  Its  old 
habitat  of  1835  has  probably  long  been  destroyed 
by  building.  The  writer  has  taken  it,  under 
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conditions  similar  to  those  described  by  Mr. 
AVaterhonse,  at  two  localities  in  North  AA^ales. 
The  male  emerges  in  May  (Mr.  AM.  once  took  an 
example  in  March),  and  the  female  occurs  in  May, 
June  and  even  in  July. 

0.  avridescens,  Linn. — mnea,  Sm. — 'Pretty  frequent  along 
the  Cheshire  coast,  B.C. ; AA^allasey,  E.C.T. ; Pock 
Ferry,  T.T.G. ; Chester,  E.C.T.  and  P.N. ; Dela- 
mere,  E.C.T. 

O.  fulviventris,  Panz. — Has  been  taken  at  Crosby, 
H.H.H. ; Pock  Ferry,  J.T.Gr.,  and  AMallasey, 
E.C.T. 

O.  mirulenta,  Panz. — Taken  freely  breeding  in  snail 
shells  on  the  sandhills  at  AA^allasey  in  1855, 
H.H.H. ; and  similarly  by  Mr.  J.  T.  Carrington 
some  years  afterwards  ; but  search  has  been  made 
for  it  in  vain  during  recent  years.* 

Stelis,  Panz. — The  three  species  found  in  Britain  are 
inquiline  in  the  burrows  of  the  genus  Osmia, 
though  in  other  countries  they  attack  Anthidium, 
to  which  genus  Stelis  is  very  closely  related.  S. 
jAiccoptera  and  aterrimma  are  associated  with  0. 
fulviventris,  and  the  rare  S.  octomaculata  with  0. 
leucomelana.  None  of  the  species  have  yet  been 
recorded  in  our  district,  though  some  probably 
occur.  S.  aterrimma  is  not  infrequent  just  out- 
side our  limits  on  the  North  AMales  coast. 
Anthidium,  Eab. — Our  one  distinct  looking  British  species 
makes  its  cells  in  suitable  holes  which  it  may 
find  ready-made,  such  as  the  larval  burrows  of 
Cossus  lignijierdi  or  of  Aromia  moschata  ; these 
the  female  lines  with  down,  which  she  collects 

* Since  these  pages  went  to  the  press,  the  writer  has  turned  up 

the  species  again  at  Wallasey,  frequenting  flowers  of  the  bramble. 
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from  plants  with  woolly  leaves,  such  a-s  Stachys, 
Ballota  or  Lychnis. 

Xo  inquiliiie  species  seems  yet  to  have  been  as- 
sociated with  this  bee  in  Britain,  though  a watch 
might  be  kept  upon  Stelis.  Monodontomerus 
attacks  it. 

A.  manicatum,  Linn. — Recorded  so  far  only  from  valley 
of  the  Bollin,  J.R.H.,  and  Rainhill,  H.H.H. 
though  it  probably  occurs  elsewhere,  as  it  is 
abundant  in  North  Wales. 

Eucera,  Scop. — The  single  species  of  this  genus,  E.  longi- 
cornis,  burrows  about  eight  inches  deep  in  the 
ground,  and  usually  forms  large  colonies  where 
it  occurs.  It  has  not  yet  been  observed  in  our 
district. 

Melecta,  Latr.— An  inquiline  genus  containing  two  species 
in  Britain  associated  with  AnthojjJiora,  to  which  it 
is  zoologically  nearly  related.  M.  luctuosa  attacks 
A.  retusa,  and  M.  armata  apparently  preys  upon 
both  A.  retusa  and  A.  pilifes.  Unlike  the  in- 
quiline Nomadce  and  their  hosts  the  Andrence, 
between  whom  no  enmity  is  apparent,  the 
M electee,  sometimes  attack  and  fight  for  very  life 
with  the  AntJiophofce  whose  nests  and  food  stores 
they  endeavour  to  appropriate.  These  inquilines 
have  never  yet  been  observed  in  our  district,  but 
they  should  be  sought  for,  as  one  of  their  hosts, 
A.  is  abundant.  Curiously,  however,  M. 

armata  is  very  seldom  seen  in  North  W^ales, 
though  A.  pilijies  swarms  in  some  places 
there. 

The  parasitical  Melecta  is  in  its  turn  attacked  by 
enemies,  including  the  larvae  of  the  Dipteron 
Anthrax,  on  the  Continent,  at  any  rate,  and  the 


414  TRANSACTIONS  LIVERPOOL  BIOLOGICAL  SOCIETY. 

Chalcid  Monodontomerus.  The  primary  larvae 
of  Meloe  sometimes  infest  these  bees. 
intho])hora,  Latr. — A genus  containing  four  species  in 
Britain,  three  of  which,  A.  return,,  'pili'pes  and 
quadrimnculata,  burrow  in  hard  sand,  mud  banks 
or  mortar  of  walls,  and  the  fourth,  A.  furcata,  in 
decayed  wood.  The  two  first-named  are  gre- 
garious. The  earth-burrowing  species  make 
large  oval  cells,  which  look  like  rough  pebbles 
externally ; inside  they  are  exquisitely  finished, 
almost  resembling  porcelain. 

These  bees  again  have  many  enemies,  which 
attack  them  in  various  ways, — ^the  allied  inqui- 
line  genera  M electa  and  Coelioxys,  the  remarkable 
Coleopteron  Sitaris  muralis,  Forst.,  the  delicate 
Bipteron  Anthrax,  and  the  little  Chalcid  Mono- 
dontomerus  nitidus.  Sometimes  only  about  half 
the  cells  in  a colony  of  Anthophora  produce  off- 
spring arriving  at  maturity. 

A.  return,  Linn. — Haivorthiana,  Kirb. — Taken  at  Hazle- 
grove,  B.C. 

A.  'pilijjes.  Fab. — acervorum,  Sm. — return,  Kirb. — Distri- 
buted widely  in  the  district,  and  often  abundant 
locally.  Sitaris  muralis  has  been  taken  near 
its  burrows  in  the  valley  of  the  Bollin, 

J.E.H. 

A.  furcata,  Panz. — Only  single  specimens  so  far  recorded, 
from  Chester,  E.C.T.,  and  Hooton,  E.N.  It 
should  occur  elsewhere  in  Cheshire,  as  it  is  not 
infrequent  in  North  Wales. 

Saroj)oda,  Latr. — The  quick-flying  and  shrill-sounding 
*S.  himaculata  is  the  only  British  species.  It 
forms  large  colonies  in  banks  and  sandy  cliffs. 
Apparently  a southerly  insect,  it  has  not  been 
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recorded  in  our  neiglibourliood.  The  inquiline 
Ccelioicys  is  said  to  attack  it. 

Leaving  the  above  solitary  genera,  with  male  and  female 
only,  we  now  come  to  bees  which,  with  the  exception  of 
the  inquiline  Psithyri,  are  social  species.  They  live  in 
large  communities,  comprising  males,  females  and 
workers,  all  dwelling  together  in  one  nest. 

Bombus,  Latr. — A genus  consisting  of  the  well-known 
Humble  Bees.  The  females,  aided  by  the 
workers,  construct  nests  of  moss,  grass,  &c.,  in 
which  numbers,  small  or  large  according  to  the 
species,  are  reared  and  live.  Some  kinds,  such 
as  B.  terrestris,  lay)idarius  and  hortorum,  make 
use  of  ready-made  cavities  more  or  less  under- 
ground ; while  others,  as  B.  venustus,  agrorum, 
sylvarum  and  ijratorum,  either  build  elaborate 
nests  of  moss,  grass,  &c.,  above  the  surface,  or 
else  adapt  the  old  nests  of  ground-building  birds 
to  their  use.  Those  species  that  make  their  nests 
in  the  ground  often  store  up  honey  in  con- 
siderable quantities  in  the  waxen  cells  which  they 
construct ; so  much  so,  that  many  small  animals, 
such  as  mice,  seek  out  the  nests  for  purposes  of 
plunder,  and  in  some  rural  districts,  especially 
in  Scotland,  the  search  for  the  nests  of  the  red- 
tailed “ Bumble  Bee,”  with  its  sweet-tasting  con- 
te  its,  is  a recognised  holiday  pursuit  of  the 
village  schoolboy. 

Few  Aculeates  have  more  enemies  than  the 
Bomhi.  Chief  among  these  are  the  allied  inqui- 
line bees  of  the  genus  Psithyrns ; by  appropri- 
ating their  nests,  provisions  and  even  workers,  the 
inquilines  sometimes  decimate  the  numbers  of 
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tkeir  hosts,  as  in  the  cas^e  of  P.  vestalis  wheie  it 
attacks  B.  terrestris.  The  carnivorous  grubs  of 
the  bee-mimicking  Diptera  of  the  genus  Volucella 
prey  largely  upon  the  larvae  of  some  of  the  Bomhi, 
but  the  grubs  of  Hotnalomyia  found  in  then- 
colonies  possibly  act  as  scavengers  there.  Some  of 
the  solitary  ants,  Mutillida;,  live  in  the  nests  of 
humble  bees,  but  whether  as  enemies  or  friends  is 
not  yet  known  ; other  ants  of  various  species  often 
pillage  them  for  the  sake  of  the  honey.  Many  Cole- 
optera,  chiefly  Staphylinidai  and  Homolota,  are 
also  found  in  the  nests  of  this  genus,  some  few 
breeding  there  ; but  the  majority  would  appear  to 
be  plunderers  or  casual  visitors.  Under  the  same 
categories  certain  Hemiptera  may  be  included. 
The  larva  of  a Lepidopteron,  Aphorma  sociella, 
sometimes  does  great  damage  to  the  nest  by 
devouring  the  waxen  cells.  The  humble  bees 
themselves  are  largely  infested  by  an  Acarid  of 
the  family  Oamasidce,  PcecilcecMrus  fucorum, 
Berk,  in  its  nymphal  form,  whose  larvae  also 
probably  feed  upon  the  wax  in  the  nests  of  their 
hosts  ; they  sometimes  moreover  become  a prey  to 
the  Dipteron  Conops,  whose  grubs  live  within 
their  bodies  and  devoni  their  viscera. 

B.  venustus,  Sm.—cognatus,  Saund,  nec,  Steph.— 

Sm. — variabilis,  Schmied.— Fairly  distributed, 
but  nowhere  abundant.  Specially  noted  West 
Kirby,  Bidston,  Barnston ; Higher  Bebington, 
J.T.G. ; Hooton,  B.N. ; Warrington,  B.C. ; 
Wallasey,  E.C.T. 

B.  agrorum,  Fab.,  Kirb.,  Smith,  Schmied,  Thoms. 

muscorum,  Smith,  Saund.— Widely  distributed 
and  abundant.  A colony  in  a willow-wren’s 
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nest  at  Barnston  ; another  similarly  near  Chester, 
E.N ; one  in  a shrewmonse’s  nest  near  Man- 
chester, J.R.H. 

B.  hortorum,  Linn. — Common  and  generally  distributed. 

B.  var.  suhterraneus,  Auct.,  nec  Thoms.  — This  dark 
variety  is  frequent  in  our  district,  E.N.  and  B.C. 

B.  var.  Harrisellus,  Kirb. — This  black  variety  also  occurs 
here  and  there,  as  at  West  Kirby,  J.T.G-.,  Chester, 
E.C.T.,  Aldford,  E.K.,  Mottram,  Broad  Bottom, 
and  Chat  Moss,  J.E.H.  Both  the  dark  and 
black  forms  of  hortorum  have  been  observed  to 
be  on  the  increase  locally  during  recent  years,  as 
has  also  been  noted  in  the  case  of  many  of  our 
Lepido’ptera. 

B.  Latreillellus,  Kirb. — suhterraneus,  Thoms. — ^Only 

noted  as  yet  from  banks  of  the  Mersey  at  Stret- 
ford, J.E.H. 

B.  var.  distinguendus,  Mor. — elegans,  Sm.,  nec  Seidl. — 
fragrans,  Auct.,  nec  Pall. — This  handsome 
variety  has  been  taken  at  Lindow  Common  and 
on  Chat  Moss,  J.E.H. ; also  at  Delamere,  E.C.T. 

B.  sylvarum,  Linn. — ^Widespread  over  the  district. 

B.  Derhamellus,  Kirb. — Rajellus,  Kirb.,  Thoms. — Not 
infrequent,  as  at  Heswall  and  West  Kirby; 
Chester  district,  E.C.T. ; and  probably  overlooked 
elsewhere.  The  writer  once  captured  one  of 
these  bees  with  no  less  than  seven  of  the  curious 
anthers  of  Orchis  mascula  attached  to  Hs  face,  for 
the  cross-fertilization  of  the  flower,  in  the  manner 
so  graphically  described  by  Darwin  in  his 
''Fertilization  of  Orchids.” 

B.  lajMarius,  Linn. — Abundant  everywhere.  " Males 
specially  partial  to  purple  iris,  females  to 
lavender,  and  workers  to  clover,”  E.C.T. 
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Workers  of  V esfa  vulgaris  seen  to  enter  a nest, 
probably  to  pillage  tbe  honey,  E.C.T. 

B.  la'pponicus,  Fab.— This  is  an  Alpine  species;  it 
occurs  high  up  in  Switzerland  and  in  the 
Pyrenees,  and  ranges  over  the  mountains  of 
Norway,  Scotland  and  North  Wales.  In  our  own 
district  it  has  been  taken  upon  the  moors  and 
hills  on  the  borders  of  Lancashire,  between  Eoch- 
dale  and  Marsden,  B.C. ; and  near  Stalybridge, 
B.C.  and  J.E.H. ; it  is  also  sometimes  found  lower 
down,  on  the  heather  and  peat  of  Chat  Moss, 
J.E.H. 

B.  pratorum,  Linn.— Our  earliest  Bombus,  abundant 
everywhere.  A colony  in  a hedge  sparrow’s  nest 


at  Chester,  E.N. 

B.  terrestris,  Linn. — lucorum,  Sm. — virgmahs,  Kirb.— 
Common  everywhere.  These  bees  have  some- 
times been  observed  to  damage  bean  crops  by 
puncturing  the  base  of  the  flowers  and  rendering 
the  pod  more  or  less  abortive.  Curtis,  in  his 
“Farm  Insects,”  p.  351,  records  a case  of  a 
garden  of  scarlet  runners  being  entirely 
destroyed  in  this  way  near  Manchester. 

Psitkyrus,  h^^.—Apathus,  Newm.— A genus  of  inquiline 
bees  attacking  the  nests  of  the  nearly-related 
Bomhi.  These  insects  are  heavy  and  listless  in 
flight,  and  thus  distinguishable  upon  the  wing 
from  their  busy  and  active  hosts.  As  with  other 
inquilines,  they  consist  of  male  and  female  only, 
without  workers.  Unlike  the  absolute  dissimi- 
larity between  the  waspish  Nomadas  and  their 
hosts  the  Andrenas,  the  Psithyri  greatly  resemble 
in  form,  and  in  many  instances  also  in  colour, 
the  Bomhi  whose  nests  they  invade ; and  this  is 
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necessary,  for  instead  of  apparently  living  in 
amity  with,  their  hosts,  as  is  usual  with  most  of 
the  inquiline  bees,  the  female  Psithyrus,  like 
Melecta,  enters  the  nest  of  her  selected  Bombus 
as  a murderous  enemy,  and,  as  actually  observed 
by  Mr.  F.  W.  L.  Sladen  {v.  “ Ent.  Mon.  Mag.,” 
October,  1899),  fights  with  and  slays  the  owner 
“ queen  ” before  taking  possession,  or  sometimes, 
as  noted  by  Mons.  E.  Hoher,  gets  killed  herself. 
A victorious  Psithyrus  not  only  appropriates  the 
nest  of  the  conquered  species,  but  forces  the 
workers  therein  to  collect  food  for  and  to  rear  her 
own  progeny.  The  various  species  of  Psithyrz 
are  usually  inquiline  with  the  following  Bombi, 
viz. : — 


P.  rupestris  in  nests  of  B.  lapidarius. 
P.  vestalis  „ „ B.  terrestris. 


P.  harbutellus  ,, 
P.  quadricolor  „ 
P.  campestris  ,, 


B.  hortorum  and  prato- 
rum. 

B.  pratorum  and  jonel- 
lus. 

B,  agroruin,  venustus, 
and  latriellellus. 


The  first  three  resemble  their  hosts  in  colour 
as  well  as  in  form,  while  the  last  two  only  do  so 
in  the  latter  particular  for  the  most  part. 

P.  rupestris,  Eab. — Only  noted  so  far  from  West  Kirby 
Thurstaston  and  Heswall ; also  Chester, 
E.C.T. ; possibly  overlooked. 

P.  vestalis,  Fourc. — Widely  distributed  and  often 
abundant,  e.g.,  West  Kirby  and  Heswall ; South- 
port,  B.C.,  Chat  Moss,  J.K.H.,  Helsby,  K.K., 
Chester,  K.N.  and  E.C.T. , Delamere,  E.C.T.  and 
E.N. 
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P.  harhutellus,  Kirli.,  nec  Sm. — Frequent  in  the  district, 
as  Oxton  and  West  Kirby ; Kock  Ferry,  J.T.G.  ; 
Kainbill,  H.H.H.  ; near  Manchester,  J.K.II. 

P.  campestris,  Vanz.—Rossiellus,  Kirb.,  Thoms.— Wide- 
spread ; specially  noted  near  Manchester,  J.E.H.  ; 
Knowsley,  H.H.H. ; Chester  and  Delamere’, 
E.C.r.  and  H.N.  Two  black  specimens  taken  at 
Chester,  E.K.  ; this  variety  is  frequent  just  over 
our  borders  in  Staffordshire. 

P.  quadricolor,  J^e.^.~Barhutellus,  Sm.— Only  records  so 
far  are  one  exceedingly  small  female  taken  by 
the  writer  at  Bidston,  and  two  dark  varieties  at 
Chester,  E.C.T. 

Ajns,  Linn.— The  most  typical  social  genus ; it  contains 
one  species  only  in  Britain, H.  mellifica^ihQ  Honey 
Bee,  whose  well-known  economy  and  intelligence 
makes  it  the  most  highly  developed  and  wonderful 
of  all  bees,  or  perhaps  of  any  insect.  The  com- 
munities of  this  species  are  very  large  indeed, 
sometimes  amounting  to  40,000  or  50,000  inhabi- 
tants ; they  consist  of  female  or  queen,  males, 
and  workers,  or  imperfect  females ; their  dwell- 
ings are  most  complex  structures,  full  of 
hexagonal  waxen  cells,  of  marvellous  design  and 
workmanship,  for  breeding  and  food-storing 
purposes. 

A.  mellifica,  Linn. — Whether  this  species  was  ever  wild 
m this  country,  nesting  in  a state  of  nature  in 
cavities  among  rocks,  in  holes  in  trees,  &c.,  as  it 
still  does  in  some  parts  of  the  world,  we  cannot 
say.  Certain  it  is  that  the  honey  bee  has  been 
domesticated  by  man  almost  from  time  imme- 
morial. The  successive  inhabitants  of  these 
islands,  Celt,  Saxon  and  Norman,  have  all  kept 
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this  bee  in  artificial  dwellings  or  hives,  for  the 
sake  of  the  wax  and  honey  stored  therein  by  the 
indnstrions  insects.  For  many  centuries  the 
Beemaster  was  a regular  labourer  employed  upon 
nearly  every  manorial  farm  in  England.  After 
the  Reformation,  however,  the  demand  for  wax  for 
the  candles  used  at  the  Mass  fell  off  enormously, 
and  soon  after  this  again  the  importation  of  sugar 
from  the  West  Indies  did  away  with  one  of  the 
chief  uses  of  honey.  Thus  the  hives  kept  were 
fewer,  and,  as  the  culture  of  this  valuable  insect 
grew  more  and  more  neglected,  they  were  gradu- 
ally relegated  from  the  fields  to  the  herb  garden, 
and  from  the  farm  labourer  to  the  housewife.  It  is 
only  of  recent  years  that  there  has  been  a reac- 
tion, and  the  useful  and  profitable  honey  bee  has 
come  much  more  to  the  front  again. 

Like  the  other  Aculeates,  the  honey  bee  has 
many  enemies  and  parasites.  In  the  imago 
state,  like  other  bees,  it  is  often  devoured 
by  birds,  the  culprits  being  the  swift,  the  swallow, 
the  flycatcher,  the  great  and  blue  tits,  the  shrikes 
and  the  omnivorous  sparrow  (particularly  in  its 
breeding  season),  and  sometimes  the  green  wood- 
pecker. The  domestic  duck  also  greedily 
gobbles  up  bees,  quite  regardless  of  their  stings. 
Luckily  the  bee-eater,  Merofs  apiaster,  is  prac- 
tically absent  from  Britain.  Such  reptiles  as 
the  lizard,  the  toad  and  the  frog  are  likewise 
fond  of  bees.  Among  the  Aculeate  Hymenop- 
tera,  several  species  prey  upon  the  honey  bee. 
Eortunately  the  destructive  solitary  wasp, 
Philanthus  apivorus,  which  stores  up  bees  in  its 
burrows,  does  not  often  cross  the  Channel  from 
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tlie  Coiitiiieiit ; but  our  uative  social  s])ccies,  the 
fierce  hawk-like  hornet  and  the  common  wasp, 
attack  and  carry  off  the  honey  bee  as  food  for 
their  young.  The  writer  has  particularly 
observed  this  to  be  the  case  in  years  when  wasps 
are  specially  abundant  and  food  possibly  scarcer  ; 
in  other  seasons  wasps  only  attack  the  bees  when 
weak.  No  species  of  Stylops  seems  to  infest  A. 
melhfica,  but  the  young  larvae  of  the  Coleopterous 
Meloe,  previously  noted  in  connection  with 
Andrena,  sometimes  do  serious  harm  by  violently 
irritating  the  worker  bees  to  which  they  attach 
themselves. 

Inside  the  hives  no  inquiline  bees  appropriate 
the  fruits  of  the  labours  of  their  hosts,  as  is  the 
case  with  most  wild  bees ; but  the  honey  stored 
there  is  at  times  plundered  by  many  enemies 
— by  mice  of  various  kinds,  by  robber  bees  from 
neighbouring  hives,  by  wasps,  occasionally  by 
the  large  Lepidopteron  A.  atropos,  by  certain 
Coleoptera,  and  by  ants.  The  combs  are  some- 
times sadly  damaged  by  the  larvae  of  two  species 
of  Lepidoptera,  which  live  upon  the  wax,  viz., 
the  large  Crambite,  Galleria  melonella,  Linn., 
and  the  smaller  Achroea  grisella,  Fab.  ; but  these' 
pests,  as  well  as  most  of  the  enemies  to  bees  pre- 
viously noted,  are  much  less  in  evidence  now 
than  in  the  days  when  straw  skeps  were  common 
m the  district.  Other  occasional  parasites  in  the 
hive  are  a small  Lipteron,  Braula  coeca,  imported 
with  foreign  ‘‘  queens,”  and  an  Acarus.  But  of 
course  the  greatest  enemy  of  all  to  the  Apiarist  is 
the  diead  Bacillus  that  causes  what  is  known  as 
“ foul  brood  ” in  the  combs. 
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Until  comparatively  late  years  the  bee  kept 
everywhere  in  the  country  was  the  true  ^4. 
mellifica,  commonly  known  as  the  native  black 
bee.”  Recently,  however,  queens  and  colonies  of 
the  var,  ligustica,  the  bee  of  which  Yirgil  wrote, 
have  been  largely  imported  into  our  district,  as 
elsewhere  in  England,  from  Italy.  In  the  same 
way  the  Cyprian  and  Carniolan  races  have  been 
introduced.  These  foreign  strains  have  become 
much  mixed  by  inter-breeding  with  our  primeval 
race,  so  that  the  native  ''black  bee”  in  its 
original  purity  is  in  some  places  becoming  more 
or  less  rare  ; it  has  a wonderful  power,  neverthe- 
less, of  asserting  its  individuality  again,  and  of 
absorbing  the  foreigner  in  course  of  comparatively 
few  generations,  if  left  to  itself. 

This  completes  our  list  of  the  Hymenoptera-Aculeata 
hitherto  observed  in  the  counties  of  Lancashire  and 
Cheshire.  On  reference  to  the  map  it  will  be  noticed  that 
the  records  are  at  present  confined  to  a comparatively 
limited  portion  of  our  district,  and  there  is  little  doubt 
that  the  investigation  of  new  neighbourhoods  will  afiord 
material  additions  in  the  future.  Several  easily  over- 
looked but  common  species,  which,  though  found  in  North 
Wales,  have  not  yet  been  recorded  here,  probably  also 
occur. 

In  conclusion,  it  may  not  be  uninteresting  to  compare 
the  above  results  with  the  two  orders  of  insects  of  which 
faunas  have  up  to  the  present  been  compiled  for 
Lancashire  and  Cheshire,  viz.,  Lepidoptera  and  Coleop- 
tera,  as  follows : — 

Species  recorded. 

Hymenoptera  Aculeata  - 166  ; or  44  % of  total  British  species  (374). 

Lepidoptera-  - - 1,355;  ,,  65%  ,,  ,,  n (2,079). 

Coleoptera  - - - 990;  ,,  30%  ,,  ,,  >>  (3,227). 
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